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HISTORICAL PREFACE 


BY 

Sir ARTHUR E. SHIPLEY, G.B.E., P.R.S. 


Lekohes are so widely spread in the tempeiate and in the 
wanner areas oE this world, and come into such close contact 
with humanity — or at any rate certain species o£ them do, 
that it is not surprising to learn they have been widely 
noticed in the liteiature of most of the leading nations of the 
world, both ancient and modern. 

It seems difficult to discover the word for leech in 
Egyptian liteiature, and our expert in Egyptology in 
Cambridge (Mr. F W. Q-ieen, of Jesus College) has not 
been able to find any allusions in Egyptian writings to 
leeches as blood-suckers It seems impiobable that leeches 
ueie used in Ancient Egypt for blood letting Howevei, in 
that country a leained doctor was using cupping somewheie 
about the fourth century B.o. 

The lecord of the leech (colloq. shui chih , book language 
in early Chinese literature is scanty, and no distinction 
of species was recognized until modern times. The eailiest 
mention in Chinese liteiature occurs in the Erh Ya^ if this 
work IS really a b o hook, which is very doubtful. This 
account has an illustintion. In the Liin Hing by Wang 
Chung, who flourished A D. 27-29, there is a long story of a 
King who swallowed a leech with his salad. The King, 
who was sufiering fioin constipation of blood, found himself 
cured by the action of this blood-sucking woim, just as 
men suffering £i om the skin-disease known as rat, can be 
cured by eating a cat.” 
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The Po wu chilly an ancient Tvork re-edited, says that i£ yon 
chop a leech into three pieces, you will have three leeches. 

There is no record that leeches in nature evei regenerate 
part of their body as is the case with earthworms and some 
other Ohsetopods, but it may be that the author mistook one 
of the Turbellarians for a leech. 

I am indebted to the kindness and leainmg of Professor 
H. A. Q-iles, of Cambridge, foi the above information. 

In Assyrian literature there seem to be few refeiejices to 
leeches, but it has been suggested, with eveiy probability, 
tliat the word ilqitu in Oniieiforin Texts from Babylonian 
Tablets in the Biitish Museum, xiv, PI. 9, K. 4B73, i-ii, 26, 
and PI. 10, K. 4218, a, iv-iii, rev. L, is the same as the Syriac 
alq^tha “ leech/^ but we have no knowledge of it having 
been used in medical texts. The woid ilqitu occurs in a 
scanty list of insects and animals probably drawn up foi 
school use. These lists are veiy common in Assyrian texts. 
As a rule the lists are in two columns, a Sumerian word to 
the left and an Assyrian equivalent opposite. Theie are 
lists of gods, stars, ojB&cers, buildings, vessels, clothes, 
animals, in fact, of almost eveiy thing, 

I am indebted for this information to Mr. 0. P. T. 
Winck worth, Yarrow Lectuier in Assyriology at Cam- 
bridge, and to Mr, R, Campbell Thompson, of Merton 
College, Oxford. 

Those texts which have come down from Assyrian times 
and which deal with medicine, are mainly confined to drugs 
rather than to minor operations, though frequently directions 
are given as to shaving the head and a prepaiation of 
poultices. 

“ The Arabs and Persians certainly used leeches for 
blood-letting, and under ^alak (leech) Damirfs Zoological 
lexicon gives the following sentences : ‘ Certain black and 
red worms found in water, that cling to the body and suck 
blood. They are one of the remedies for (diseases of) the 
throat and inflammatory swellings, on account of their 
property of sucking blood in excess in any person. It is 
related in a Tradition of the Prophet, handed down by 
'Amir, that the beat of lemedies are leeches and cupping.^ 
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There must be other references, but so far I have not been able 
to put my hand upon them/’ The quotation just given was 
sent to me by Professor R. A. Nicholson^ of Trinity College. 

Piofessor Rapson informs me that the leech is often 
mentioned in Sanskrit literature and that it has many names, 
the most common being raktapa, “ blood-drinker ” ; jalauka, 
watei -dweller ” ; jala-sarpini, “ water-glider/’ 

I have also had much help from Professor R. L. Turner^ 
and both he and the Professor have drawn my attention to 
Jolly-’s book : [^^Medicin ’’ von Julius Jolly. Grundriss der 
Indo-Anschen Philologie und Alteitiimskunde (Encyclo- 
pedia of Indo-Aryan Research), Strassburg, Karl J. Trubner,, 
1901], where the following account is given of bleeding : — 
“ Bleeding. The mildest method of Bleeding is the use 
of leeches, which therefore ai e especially suitable for princes^ 
wealthy people, children, old men, weak, nervous and 
delicate people and women. Avoiding the poisonous species, 
whose bite produces swellings, excessive irritation, fevei, 
delirium and othei bad symptoms, only the six non-poisonous 
species should be employed. The leeches must be kept in a 
large, new vessel, filled with mud and water fiom a pond, 
new water and food being given them every three days and 
the vessel being changed now and again. The places affected 
are rubbed dry with a powder of eaith and dry cow-manuie, 
then the 'leech is applied, after it has been irritated by 
painting its body with prepared mustard (literally mustard- 
dough) and by being immersed in water. If it will not bite 
in, a diop of milk or blood should be applied to the place or 
slight incisions made. If the leech, becoming greedy, will 
nbt let go, paint honey or powdered salt into its mouth. 
In order to make the leeches good for further use, they must 
be made to expel the blood they have imbibed. If the blood 
is still uncleansed the bitten places must be made to bleed by 
rubbing in honey and syrup. When (enough) blood has 
flowed the wound must be immediately imsed out with 
cold water and covered with cotton, steeped in fat ; m 
addition, sweet cold poultices, to contract the wound, should 
be made. When the bad blood is gone the swelling becomes 
soft, the burning redness and pain disappear.” 
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Professor Turner, of the London School of Oriental 
Studies, tells me that theie are a number of variants of 
the word for leech used m Sanskrit, including 

jalaukas, m. (Sufiruta). 
jalaukasa, m. (Su^ruta). 
jalauka, m. (Sufiruta). 
jalauka, f. (Mahabharata). 
jaluka, f. (Lexicographers). 

Jalaukas is said to mean “ havjng water as its home,^^ derived 
from jala, water; okas, home. The modern languages (Sindhi 
jaru f , Hindi jalu f ) point to the form quoted by the 
Lexicographers jaluka, and the form jjiLmkas is very likely 
a piece of learned etymology. The modern languages have 
another word reminiscent of, but not derivable from, the 
Sanskrit name (e.g. Nepali juko m., Hindi jok f.). It 
appears likely that the Aryans borrowed the word for leech 
from the aboriginals, one f oi m of the woi d being that which 
appears in Sanskrit jaluka Sindhi jaru, etc., the other that 
which appears in Nepali juko, etc. 

In view of the fact that the word fiist appeals in literature 
in the Mahabhaiata (c. 500 B.o.?), it may be interesting to 
note that Sinhalese appears to have no derivative ot the 
jaluka-juko family. According to tradition Ceylon was 
colonised first by Aryans in c. 500 B.o., a date which agrees 
with the linguistic evidence. 

The apparent absence of a common Indo-European word 
for leech supports the suggestion that the Indo-Aryan 
word was borrowed. 

In his Introduction to the Arhynchobdellidse, Professor 
Moore refers to the thirteenth chapter of the English 
translation of the Sushruta* Samhiid, by Kunja Lai Sharma. 
Unfortunately the date of this work is unknown, and veiy 
little is known about the author. The translator says — In 
a countiy like India where life itself was regarded as an 
illusion, the lives of kings oi commoners were deemed 
matteis of little moment to the vital economy of the race, 


* Nowadays SusLruta is usually spelt Sufiruta. 
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^nd all historians and biographers were looked upon as the 
embodiment of the flimsy vanities of life.” It is very 
probably earlier than 400 A.D. 

I here transciibe ceitain portions of the chapter from the 
Sushruta Samhita^ which are again discussed in Piofessor 
MooiVs article (v, p. 116.). 

Now we shall discuss the chaptei which treats of leeches 
^nd of how and which to use (Jalaiikdvacharaniyam- 
^dbydyam). 

Leeches should be applied where the patient would be 
found to be old or imbecile, or a woman, or an infant, or a 
person of an extremely timid disposition, or a person of 
-a delicate constitution, and as such is not fit to be surgically 
opoiated upon, since this mode of bleeding is the gentlest 
thap can be possibly devised. The blood vitiated by the 
deranged wind (VAyu), bile (Pittam), and phlegm (Kapham), 
should be respectively sucked through a horn, by leeches and 
r(sL gouid appliance (Al&vu-Yantra) or with whichsoever of 
them IS available at the time, n respective of the cause of 
such vitiation, whenever such bleeding or sucking would be 
found to be impeiatively necessary. 

Authoritative verses on the subject; — A cowhoin is 
desciibed in the Shastras as of a hot oi heat-making potency, 
and as possessed of a slightly cooling (Snigdha) or soothing 
(Madhura) property. Accordingly it should be used in 
sucking tbe blood vitiated through the action of the deranged 
bodily wind. Leeches, which are born in water, are 
possessed of Madhura (sweet or soothing) properties, and 
lienee they should be used in sucking the blood vitiated 
.thiough a deranged condition of the bile (Pittam). The 
gouid (Alavu) is pungent, parching and irritating in its 
potency and should be therefore used in sucking the blood 
Titiated through the action of the deianged phlegm 
(Kapham). 

Mode of application : — The pait from which the blood 
is to be sucked should be fiist scarified or slightly cut in two 
01 tbiee places, and then the mouth or the open end, of the 
horn, covered with a thin piece of muslin tied round its 
*edges should be placed over it and sucked with the mouth 



X 


HISTORICAL PREJACE. 


throngh the aperture at its tip or top-end, oi with a gourd 
appliance eqnipped with a lighted lamp placed in its inside. 

The term Jalauka (leeches) may be etymologically 
inteipieted to mean creatures whose life (Ayu) or whose 
longevity is in, oi depends upon, water, whereas the 
cleii\ative meaning of the term Jalauka (leeches) is based 
upon the fact of their dwelling (“Oka” — dwelling place) 
in water (Jalani). Leeches may be divided into twelve 
distinct species, of which six are venomous and six non- 
venomous. The six venomous species are named KiishnA, 
Klarvuia, Alagardd, Indrfi.yudhd,Samudi ikaand Gochandand. 
The leeches of the first-named species (Kiishnd) are marked 
by thick heads, and of a colour resembling pow dered lamp- 
black The leeches of the Karvura type have extended or 
elongated bodies like the Yarniifishes, and are indented and 
thick at the waist. The Alagardd leeches me haiiy, thick 
and round at the sides, and black at the mouth. The leeches 
of the Indi4yudha species are maiked on the sui Eace with 
up-poiiited rainbow coloured lines. The skins of the 
SamudrikAs are blackish-yellow, dotted over with white 
spots of a variety of shapes. Leeches which are provided 
with narrow mouths, and are marked by bifurcating line at 
the bottom like the sciotal sac of a bull are called 
Grochaudanda. 

A person bitten by any of the ahovesaid venomous leeches 
has an ii resistible incliuation to scratch the seat of the bite 
which is marked by a considerable swelling. Pever, with 
burning, i etching, diowsmess and delirium supervenes, and 
ultimately the patient loses all consciousness. The remedy 
consists in the administiation of an anti-toxic medicine- 
known as Mahagada, as snufEs, potions and unguents, etc. 
A bite by an Indidyudha usually proves fatal. Yenomous 
leeches, as well as cures for their bites have thus been 
described. 

The lion-venomous species include Kapilds, Pingalds,, 
Shankhamukhis, Musikds, Pundaiimukhis, and Saiavikds. 
The Kapilds are coloured like Manah-Shila (realgar) at the 
sides, and their backs are tinged \Mth a glossy hue like that 
of a Mudga pulse. The Pmgalds have a reddish colour, are 
round in shape, and capable of speedy locomotion. Tlie- 



HISTORICAL PREFACE. 


Xt 


Shankhamukhis are marked by a blackish rod hue like that 
ot the liver, are provided with sharp elongated mouths^ and 
a?e capable of sucking blood with the greatest swiftness. 
The Musikas aie coloured like the common blind moles, and 
emit a fetid smell from thcii bodies. The Pundarimnkhds. 
are coloured like the Mudga pulse, and aie so-called from 
the fact ot the resemblance of their mouths to the full-blown 
lotus lilies (Pundaiikas). The Sar^vikAs have cold bodies 
marked with impressions like lotus leaves and measuie 
eighteen fiugers^ width lu length, and they should be 
employed in sucking blood from the affected parts of lower 
animals. This exhausts the list of non-venomous leeches. 

The countries, such as Turkesthan (Yavana), the Deccan 
(Pandya), the tract of land ti a versed by the Ghaut moun- 
tains (Sahya), and Panfcana (modern Mathura), aie the 
natural habitats of these leeclies The leeches found in the 
afoiesaid countries are specifically non-venomous, stiong,. 
large-bodied, greedy and leady snckeis. 

The venomous leeches have their origin in the decomposed 
urine and faecal matter of toads and venomous fishes in pools 
of stagnant and tuibid water. The origin of the non- 
venomous species is ascribed to such decomposed vegetable 
matter, as the petiified stems of the several aquatic plants 
known as Padma, Utpalam, Nalina, Kumuda, Pnndanka, 
and the common zoophytes which live in clear waters 

Authoritative veise on the subject ; — The non-venomous 
leeches swim about in sweet scented wateis, live on non- 
poisouous weeds, he on the leaves ot fiowenng water plants 
instead of on the dank and oozy beds of pools, and suck 
blood from the affected pait of a human organism without 
causing any discomfort. 

Leeches should be caught hold of with a piece of wet 
leathei, oi by some similar article, and then put in to a large- 
sized new pitcher filled with the watei and ooze or slime of 
a pool. Pulverised zoophytes and powdei of diied meat and 
aquatic bulbs should, be thrown into the pitcher foi tlieir 
food, and blades ot glass and leaves of w-ater-plants should 
be put into it for them to he upon. The water and the^ 
edibles should be changed eveiy second oi thud day, and 
the pitchers should be changed eacli week (the leeches should 
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be transferred to a new pitcher at the end of every consecutive 
-seven days). 

The authoritative verse on the subject . — Leeches that are 
venomous, thick about the middle, elongated, of slow loco- 
motion, look fatigued, do not i eadily take to the part they 
.are applied to, and capable of sucking only a small quantity 
of blood, should be looked upon as not belonging to the 
proper or the commendable type. 

Then having seated or laid down the patient suffering 
from a disease which requires the application of leeches, the 
seat of bleeding, if not previously ulceiated, should he 
roughened by dusting it over with a composition of loose 
•earth and pulverised cow dung. Then the leeches should be 
taken out of their receptacles and sprinkled over with water 
satuiated with mustard seed aud pasted turmeric. Then for 
a inonient they should be kept in a basin full of water, and 
after they have regained their uatinal vi\acity and freshness, 
they should be applied to the affected part. Their bodies 
should be coveied with a piece of thin and wet linen, or 
with a piece of white cotton The affected pait should be 
sprinkled ovei with drops of milk or blood, or slight incisions 
should be made into it in the event of tbeir refusing to stick 
to the desiied spot. Otbei Iresh leeches should be applied 
even when tlie pieceding measuies should piove iiiefrectiial. 
That the leeches have taken to the affected part may be 
infeired fiom the mouths of the leeches assuming the shape 
of a lioise-shoe, and the raised and arched position of their 
necks after they had become attached to the seat ot the 
disease. While sucking, the leeches should be covered \Mth 
a piece of wet liuen, and should be constantly sprinkled over 
with cold water. 

A sensation of itching and of a drawing pain at the seat 
of the application would give use to the piesumption that 
fiesh blood was being sucked, and the leeches should be 
foithwith leiiioved *. 

♦ The leeches, through a hhssful dispensation of Nature m themselves, 
instinctively diw off the vitiated blood from a diseased pni-t, attacking 
-the healthy vital fliud (red blood) when the formei has been completely 
tapped or sucked. 
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Leeches refusing to fall o£E e^ea after the production 
of the desired eflEect, or sticking to the affected part out of 
their fondness for the smell of blood, should be sprinkled 
'vrith the dust of powdered Saindhava (rock salt). 

After falling off, the leeches should be dusted over with 
rice powder and theii mouths should be lubricated with a 
composition of oil and common salt. Then they should^ 
be caught by the tail-end with the thumb and forefinger of 
the left hand and their backs should be gently rubbed witli 
the same fingers of the right hand from tail upward to the- 
mouth with a view to make them vomit or eject the full 
quantity of blood they had sucked from the seat of the 
disease. The process should be continued until they 
manifest the fullest symptoms of disgorging. Leeches- 
that had vomited the entire quantity of blood sucked as- 
above, would briskly move about in quest of food if placed 
in water, while the contrary should be inferred fiom tlieir 
lying dull and inert. These should be made to disgorge again. 
Leeches not made to emit the eutiie quantity of the sucked" 
blood sUnd in danger of being attacked with an incurable 
disease peculiar to their genus, and which is known as^- 
Iiidramada. The leeches should then be put into a new^ 
pitcher, and treated as before laid down, after they had fully 
emitted the sucked blood. 

An ulcer incidental to an application of leeches should bo- 
rubbed with honey or washed with sprays of cold water, or 
bound up with an astringent (Kashdya) sweet and cooling 
plaster, according to the quantity ol blood removed from- 
the part 

Authoritative verse on the subject : — The physician who 
is fully conversant with the habitat, mode of catching, 

* In case ef full and proper bleeding (Yoga) the ulcer should be 
rubbed with clarified butter technically known as the Shatadhautam 
(lit. hundred times washed) Ghntam (clarified butter), or a piece of 
cotton, soaked in the same substance, applied as a compress over 
the part The ulcer should be rubbed with honey in a case of" 
insufficient bleeding, while it should be washed with a copious quantity 
of cold water if excessive bleeding (Ati-Yoga) should set m. Similarly 
in a case marked by the absence of any bleeding at all (Mitby&-Yoga) a 
sour, sweet and cooling plaster should be applied over the ulcer 
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pieservation and application of leeches, can well aspiie to 
■cure the diseases which yield to them or in which their 
use is indicated. 

Thus ends the thirteenth Chapter of the Siitrasth^nam in 
the Sushriita SamhitA which treats of Leeches and of how 
and which to use. 

Lord Chalmers, the Master of Peterhouse, the authority 
on Pali, can only trace a single reference to leeches in the 
literature, namely in ^ The Questions of King Milinda * 
{ad finem), where the jalupika (or leech) is held up as 
a model to the devout aspirant after truth. For, “ just as 
tlie leech, wheresoever it is put, there holds on tight, 
drinking the blood, so should the strenuous Almsman (i. e, 
priest ’) concentrate on a theme of thought, drinking the 
ambrosial draught of Deliverance {Le, ‘Salvation') ” He 
adds : — “ In a native glossary I see noted another Pali name 
lor the leech, viz, ratta-po [(=red blood)"drinker] or 
sanguisuga.' But I have not traced this word in literature/' 

The only reference to leeches in the Bible seems to be in 
Proverbs, chapter xxx, veise 15, where horse leech is 
recorded as having daughters crying “ Q-ive, give.” I am 
not an authority on exegesis, but I always thought when 
young that these daughters were the children of the local 
veterinary surgeon; but apparently they leally were leeches, 
though what species we do not know. The Talmud contains 
SI warning against drinking waters from rivers or pools 
^‘for there is a most dangerous leech ’’known as Limnatis 
nilotica^ about 10 mm. m length. It was first described by 
Savigny, who accompanied Napoleon’s Army to Egypt. 
That army was much toimented by these leeches, as were 
our soldiers who were fighting in the Near East during the 
•Q-reat War. This particular species is swallowed by man 
and by cattle, and doubtless by wild animals with their 
►diinking watei. Amongst the medical writers of the 
JUastern world in classical times who mention leeches there 
was always, as theie was amongst the authoi s of the Talmud, 
a great and haunting fear of leeches being swallowed, and 
these writers mostly wrote from the aiea where Limnatis 
nilotica still abounds. 
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According to Mr. Masterman, who has had, as a medical 
officer in Palestine, a first-hand opportunity of studying this 
leech, the pest attaches itself to the mouth or throat or 
larynx during the process of swallowing, and he is convinced 
that if it be once really swallowed and reaches the stomach 
it is killed and digested. 

Limnatis nilotica, unlike Hirudo medidnalis^ the medicinal 
eeoh, is unable to bite through the outer integument of 
man and is only able to feed when it has access to the softer 
mucous membrane of the mouth or of the pharynx or of the 
larynx, and of the other thinner and moie vascular internal 
mucous linings. 

In Palestine these pests are particularly common in the 
region of Gfalilee and in the district of Lebanon. They are, 
in these and other districts, so plentiful in the autumn that 
almost every mule and almost every horse the tourist comes 
across is bleeding from its mouth or fiom its nose, foi this 
species of leech is by no means only a human parasite. The 
natives, who know quite a lot about these pests, generally 
strain them out of their drinking w«ter by running the 
water through a piece of muslin or some such sieve when 
they fill their pitchers at the common well. In certain 
districts these leeches in the local pools or reservoirs are 
kept in check by a fish — a species ot cnrp {Capdeta 
fratercula ) . 

In the cases which recently came under Mr. Master man’s 
■observation, the leeches were attached to the epiglottis, the 
nasal cavities, and peihaps, most commonly of all, to the 
larynx of their host. When they have been attached 
to the anterior pait of the mouth, or any other easily 
accessible position, their host or their host’s fiiends naturally 
remove them, and such cases do not come to the hospital for 
treatment. 

The effect of the presence of this leech (A. nilotica) on 
the human being is to produce constant small hsemorrbages 
from the mouth or nose. This haemorrhage, when the leech 
IS ensconced far withiu the buccal, the nasal, or the pharyn- 
geal passages of the host, may be prolonged, serious, and 
even fatal. Masterman records two cases under his own 
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observation which ended in deatli • one o£ a man and the- 
other of a young girl, both of whom died of anaemia 
produced by these leeches. 

The average patients certainly suffer. They show marked 
distress, usually accompanied by a complete or partial loss- 
of voice ; but all the symptoms disappear, and at once, on 
the removal of the semi-parasite. Sometimes the leeches- 
are attached so closely to the vocal cords that their bodies 
flop in and out of the vocal aperture with each act of 
expiration and iiispiiation. The hosts of leeches so situated 
usually suffer fiom dyspnoea, and at times were hardly able 
to breathe. 

The native treatment is to remove the leech, when acces-- 
Bible, by transfixing it with a sliarp thorn ; or they dislodge 
it by touching it with the so-called “ nicotine whioh 
accumulates in tobacco-pipes. But nicotine is destroyed at 
the temperature of a lighted pipe, so whatever the really 
eflScient juice is, it is not nicotine. Still, as long as the- 
fluid proves efficient, the native is hardly likely to worry 
about its accurate chemical formula. 

Masterman says that the inodes of treatment he has found 
most effective were ; (1) Seizing the leech, when acces- 
sible, with suitable forceps ; or (2) paralysing the leech 
with cocaine. In the foimer case the surgeon is materially 
nssHted by spraying the leech with cocaine, which partially 
paralyses it and puts it: out of action. In the latter case, if 
the spiaying of cocaine is not sufficient, Masleruian recom- 
mends the application of a small piece ot cotton-wool dipped 
in 30 per cent, cocaine solution, which must be brought into* 
actual contact with the leech’s body. The effect of the 
cocaine in contact with the skin of the leech is to paralyse- 
the leech and to cause it to lelax its hold In such a case- 
the leech is occasionally swallowed, but it is more otten 
coughed up and out. Headaches and a tendency to vomit 
are symptoms associated with the piesence ot this creature 
in the human body; tbe leinoval of the leech or leeches- 
coincides with the cessation of these symptoms. 

The animal now known as the horse leech {HcBmopi& 
sanguisuga or Aulastomum gulo) and an additional leech 
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{Hirudo mediciiialis) are also common in the streams and 
fresh waters of Palestine. Hmmopis does not attack man 
but lives largely on earthworms. But it is also from time 
to time cannibalistic and will swallow one of its own family 
as readily as it will an earthworm. 

The information obtained from the Talmud which has 
been given to me by Dr. Gaster shows that the leech 
was not used medicinally by the Hebrews: they only 
practiced venesection, ‘'The reference to the leech was 
a caution against drinking water from a vessel that was un- 
covered, lest one swallowed a leech This occurs in Treatise 
Abodah Zara f . 12 b. and Tr. Bekhoroth f . 44 b. In the 
Tr. Sabbath f. 109b a discussion is raised as to whether 
the swelling of the belly would be caused by a leech thus 
swallowed. Thus the Bayblonian Talmud. In the Pales- 
tinian Tr. Berakhot Ch. ix. f. 130 a remedy is given how to 
vomit or to get free of a leech that has been swallowed, by 
the use of a bug in water. I believe that a similar remedy 
is mentioned by Marcellus, according to a note which 1 
made some time ago. In each case the word to designate 
the leech is the same ‘ Alukah.’ It is the same that occurs 
in the last chapter but one of the Book of Proverbs. This 
IS a traditionary interpietation of that word, which, however, 
could be translated ‘ vampire,^ if the belief in it could be 
shown to have existed in Western Asia already at that time.’^ 
Many Latin and Greek widters refer to leeches. Some- 
wheie about 443 B.o Herodotus drew attention to the bird 
which eats leeches and bits of flesh that are found between 
the teeth of the carnivorous crocodile (Herod, u, 68)* 
This statement is as follows : — 

“ Now forasmuch as he (the crocodile) sojourneth in the 
water, he hath his mouth all full of leeches within. And 
all other birds and beasts do avoid him, except the sandpiper 
(trochilos) alone, which liveth peaceably with him, because 
that lie is holpen by it. For whensoever the crocodile 
goeth up out of the water on to the land and thereafter 
yawneth (which he is wont commonly to do when the west 
vrind bloweth), then entereth the sandpiper into his mouth 
and swalloweth down the leeches ; and the crocodile is 

h 
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pleased at the help which he receive th, and hurteth not the 
sandpiper at all/’ (Tr. A. L. P.) 

The bird that Herodotus here refers to appears to be the 
Egyptian Spur- wing Lap-wing [HoplopterasaTmatiis)'^\ii(:^ 
frequents the banks of rivers, lakes and canals. It is 
locally known as ‘‘Zio-zac.” Mr. J, M. Cook, who has 
obseived the habits of this lap-wing, records how the bird 
apparently hops into the open mouth of the crocodile — the 
•crocodile opens its jaws, the bird hops in, the crocodile 
closes its jaws, and in a few moments the crocodile opens its 
mouth again and the bird flies away to the water's edge. 
What it did there the observer was unable to determine ; 
but it repeatedly returned to the crocodile and entered its 
moulh, which was at once closed for about a minute. To 
put one’s body into the mouth of a crocodile seems a rash 
and daring deed, but the bird showed no fear. 

On the other hand, Gadow says that the bird described by 
Hc’^odotns under the name Trochilus is supposed to be a 
Plover known as Plumanus cegypticus. The latter writer 
makes no reference to the crocodile’s jaws closing over the 
bird. He thinks they pick the teeth of the crocodiles while 
the animals are resting with their mouths wide open, and 
they are very watchful and have a well-known note of 
warning. 

Dr. Gadow thinks they may he helpful in a second way to 
the crocodiles by giving them the alarm when danger 
is approaching. 

Poirier et Roebebrune (1884, p 1597) consider this leech 
to be LopJiobdella (= Ozobranchas) quatrefagesL 

Johannson (1913, p, 13) regards it as bis Clepsine Glossi^ 
phonia) fimbriata. 

Poirier et Roebebrune (A. T. de), 1884: “8ur un type 
•nouveau de la classe des Hirundindes,” m Compt. rend. 
Acad, Sd. t. xcviii, p. 1597. 

Moquin-Tandon & Diesing describe this leech as Lunatis 
nilotica, 

Oelsus, who flourished about a.d. 50, wrote : — If a leech 
have been swallowed, salt and vinegar must be drunk.” 
*(^De Medicina, v, 27 ; tr. Alex. Lee, 1836.) 
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Pliny, who died in a.d. 79, devotes a good deal of 
attention to the leech, and I quote numerous passages from 
his Natural History. 

On the contrarie side, the horsleeohes which wee call 
in Latine Sanguisugas (i. e. Bloudsuckers), are used for to 
draw bloud. And verily it is judged, that there is the same 
reason of them, as of ventoses and cupping-glasses used in 
physicke, for to ease and discharge the bodie of bloud, and 
to open the pores of the skin. But heie is all the harme 
and discommoditie of these horsleeohes. That it they be 
once set too for to draw bloud, the bodie will looke for the 
same physicke againe evene yeeie after, about the same 
iime, and be ill at ease for want thereof. Many physicians 
have thought it good to use them for the gout of the feet 
also. Well, set them to the hsemoiihoids, and where you 
will, they fall off lightly when they are full and satisfied, 
even with the veiie weight of the bloud which pulleth them 
down ; or else by strewing some salt about the place where 
they sticke too : and otherwhiles it falleth out, that they 
-leave their heads behind them fast fixed m the place where 
they settled, and by that means make the wound incurable 
-and mortall, which hath cost many a man his life : as 
it happened to Messalinus a nobleman of Rome, and who in 
his time had been a Oonsull, whose fortune it was to 
die llieieupon, having set them to his knee : whereby we 
may see, that oftentimes they bring a mischiefe for a 
remedie ; and the red ones are they that in this respect 
ought to be feaied. To prevent therfore this daungerous 
inconvenience, they use with a paire of sizzers to clip them 
at the verie mouth as they be sucking ; and then shall you 
see the bloud spring out, as it were at the cocke of a 
conduit, and so by little and little as they die they will 
gather in their heads, and the same will fall off, and 
not tame behind to doe hurt. These horsleeohes naturally 
are enemies to Punaises, in so mnch as their perfume 
killetli them. Furthermore, the ashes of Severs skins burnt 
and calcined togither with tar, stauncheth bloud gashing 
out of the nose, if the same bee tempered and mingled wel^ 
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With the ]*tiice of porret.^^ (IT H. xxxii, 10 ; Transl. of 
Pliny throughout by Philemon Holland, 1601.) 

Medecines against the shedding of haire. For to colour the 
haire of ike head. Also against the accidents of the ears^ teeih^ 
and visage “If one be disposed to coloui the haire of 
the head blacke, let him take horse-leeches which have 
pufcrified and been resolved togither in some grosse red wine 
for the space of threescore dales, hee shall find this to be an 
excellent medecine Others there be who give order, to- 
put as many horseleeclies as a sextar will hold, in two- 
sextars of vinegre, and let them putrifie within a vessell of 
lead as many dales togitlier ; and when they bee reduced 
into the forme of a limment, to annoint the liaire in 
the sunshine for the same puipose. And Sornatius attri- 
bute th so much power unto this composition, that unlesse 
they that have annointing of the haire with it hold ode in 
their mouths all the while, their teeth also (by his saying) 
who have the doing of it, wil turn black.*^ (N H. xxxii, 7 )* 

“ The same depilatorie effect, the ashes of Horseleeches are 
supposed to have, if they bee reduced into a liniment with 
vinegre, and used accordingly : Now must they bee burnt 
and calcined in a new earthen vessell that nevei befoie w'as 
occupied.” (Ibid.) 

Moreover, horseleeches torrified in some earthen pan,, 
and brought into a liniment with oile, work the same effect 
in the hairs (sc, ‘ depliatorie ’) : the very perfume or 
smoke which they cast ns they be burnt or torrified, killeth 

Punaises But in using any depilatorie whatsoever, 

this one point is generally to bo observed. That the haires 
be first pulled up by the roots, in any place, where you 
would not have them to grow.'’ (N. H. xxxii, 10.) 

“For the sting of Bees, Wesps, and Hornets ; for the 
biting also of these Horseleeches called Bloodsuckers, the 
Howlat is counted a soveraigne thing, by a certain antipathie 
in nature : also whosoever came about them the bill of a 
Woodpecker or Hickway, shall never be annoied with any 
of the foresaid vermin e. The smallest kind of Locusts 
likewise, which are without wings and be called Attelabi, 
be adverse and contrarie unto them all.” (N.H. xxix, 4.) 
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Afl for the daunger that conimeth by drinking Horse- 
leaches, Butyr made of ("ows inilke, is a singular reniedie, if 
it be taken with vinegre, heat with a gad of steele. The 
same alone without any other thing is a good couutre- 
poyson, for if oile be wanting, butter may serve the turn 
as well.” (N. H. xxviii, 10.) 

(Of Fumes or Wall-lice.) “ Other receits theie be set 
down by our gieat masters in Fhysicke, as touching this 
foule vermine ; but those which carie most modestie with 
them and have greatest respect unto manhood and hnman- 
itie, are these ; namely, to rub or annomt the place which is 
flfcuiig, with the said wall-lice and the bloud of a Tortoise 
together . also to chase away serpents, with the smoake or 
perfume of them . likewise, if any beast which hath 
swallowed down hoi se-leeches, doe take them in drinke, they 
will either kill them or drive them out, yea, and in what part 
soever they aie settled and sticke fast, they will lemoove 
them and make them to fall off.” (N. H. xxix, 4.) 

“ Ovei and besides all which, there is not an heiirbe 
glowing in the garden that is so much used for the curing 
of foure footed beasts, whether it bee that they be broken 
winded and puisive, or otherwise bitten and stung with 
venomous beasts , in which cases, theie must be an injection 
made up into the nosthiils, of the juice of Rue in wine. 
Also, if it chaunce that a beast liath swallowed an Horse- 
leech in drinking, let it be taken with vinegre.” (N. H. 
XX, 13.) 

‘‘They (sc. elephants) ain mightily toimented with paine, 
if they chaunce in then dunking to swallow down an 
horsleech (which woime, I observe, they begin now to call, 
a bloudsucker) . for as soone as this hoisleech hath settled 
fast in his wind-pipe, he pntteth him to iutollerable paines.” 
(N. H viii, 10.) 

Of one. kind of creature that hath no passage to void 
excrements “ Theie is a creature as toul and ill favoured as 
the lest, which hath evermoie the head fast sticking within 
the skin of a beast, and so by sucking of bloud liveth, and 
swell eth withal. The only living creatuie of all other that 
hath no way at all to rid excrements out of the bodie ; by 
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reason "whereofj wheii it is too full, the skin doth cracke and 
burst, and so his very food is cause of his own death. In 
Horses, Asses, and Mules, these doe nevei breed. In Kine 
and Oxen they be common: and other whiles in dogs, who- 
are pestered not onely with these tickes, but also with all 
other vermine abovenamed. And in Sheepe and Goats a 
man shall find none other but tickes. It is as strange 
a thing also to see, how the horseleeches which be nourished 
in standing waters of fennes, aie thirsty for blood. For 
these will thrust their whole head into the flesh for to draw 
and sucke out blood.” (H. H. xi, 34.) 

^^A fomentation with Oxycrat or water and vinegre is 
singulai good upon burns,” or leading hirudines: “good 
after the sucking of Horseleeches ” (N. H. xxiii, 1. 

Heie the readings vary. Some lead Medetur post potas 
hirudines ; others Medetur potce hirudini ; others Medetur 
post uredines^ without any reference at all to hoi seleeches.) 

Galen, who was born just before the middle of the 
3nd century A.D., speaks oE leeches in his tieatise De 
Hirudinihusy ch. 1, but the origin of this passage is cleaily 
the same as that of the following one from Oribasins, which 
IS a better and fuller account. Oribasins, who lived in the 
4th century A.D., has a chapter entitled Of Leeches. Taken 
out of the works, of Ardyllus^ out of his treatise Of Aids in 
Blood-letting y which runs as follows : — 

“ Some go hunting for Leeches, and keep them closed up; 
and use the same ones many times ; for those which are 
fresh fiom exercise do readily fasten upon the flesh, whilst 
others sometimes do not feel at home. Now we must apply 
the former straight from their trial ; but those which have 
but now been taken you must keep for one day, and give 
them a little blood for sustenance ; by that means the 
poison that is in them will be evaporated. Before you use 
them, let the part upon which they shall be set be rubbed 
over first with soap, and anointed with the blood of some 
animal, or with damp clay, or else let it be bathed, or 
scratched with the nails ; the leeches will then cleave to it 
the more readily. You must put them into warm water in 
a clean roomy vessel, that they may move about and so rid 
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themselves of their poison ; then catch them up in a sponge, 
and having wiped off the sticky substance from them, apply 
them with the hand. After they have all taken hold, we 
pour upon the place some waiin oil, that it be not chilled. 
As touching the hands or the feet, put that pai t of the body 
into the water wherein are the leeches. Now, if there 
is still need for them to draw, after that they are entirely 
full, or if you have but few leeches, or else if but few take 
hold, then, after they are full, their tails must be clipped 
with a pair of scissors ; for as the blood streams forth, rhey 
cease not to draw, until we sprinkle salt, oi soda, or ashes, 
in their faces. When they are fallen off, if the place will 
bear a cupping-glass, we must apply it, and so draw off the 
poison : the glass must be fiimly planted on the place, and 
quickly taken off. But if this may not be done, the 
part must be bathed with sponges, and if blood still ooze 
from the pricks, sprinkle upon them incense, or cummin, oi 
wheatflour, and then wrap around them some wool steeped 
in oil. But if it bleed abundantly, apply to it linen 
bandages, or cobwebs steeped in vinegar, or a burnt gall-nut^ 
or a new sponge dipped in liquid pitch, and burnt; then 
apply a sheet of paper sodden with vinegar, and bind it on. 
All this we must do when the place is situated on the trunk 
of the body ; but for the free limbs it suffices to bandage it 
for to stay the blood. The bandage should be unbound the 
next day, and if the blood be staunched, wash the place ; but 
if not, act as before. And here it must be noted, that 
the leeches do not draw the blood that is deep down in the 
body ; they do but suck out that which is present m the 
flesh. We use them upon such persons as fear scarification, 
or upon those parts of the body which through tlieir 
smallness or crookedness or unevenness do not admit the 
applioation of the cupping-glass. We pull them off when 
we reckon that one half of the blood has been drawn out, 
which we estimated to be requisite to be drawn off; and 
after that we allow the bleeding to continue, until enough 
be diawn off; and since the part of the body is chilled not 
only by the leeches (which are by nature cold) but also by 
the siinounding air, it must be kept warm; hence the flow 
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o£ blood may not be stayed by such things as chill the body, 
but by means of astringents and things that stop up the 
pores, as has been said/’ fvii, 21 ; tr. A. L. P.) 
c Galen himself has the following leference : — 

Of Bugs { = Cimex lectularius) “Some have wiitten 
concerning Bugs, that if thej^ be drunk with vinegar they 
expel leeches that chance to liave been swallowed. But for 
our part we have had no need of leeches, for we have 
expelled them through the eating of gailick.’^ {De Simpl. 
Med XI, 43 , tr A. L. P.) 

Themison was probably the first physician to use leeches, 
though they were knov^n to Hippocrates Themison was the 
founder of the ancient medical sect of the Methodici, and was 
one of the most eminent physicians of his time. He was a 
native of Laodicea in Syria, and a pupil of Asolepiades of 
Bithynia. Thus he lived in the 1st century b.o. He had 
travelled a good deal, for he mentions Crete and Milan as an 
eye-witness. He wiote several medical woiks, but it is not 
known in what language he wrote He is said to have been 
attacked with hydrophobia, and to have recovered. 

Oaelius Auieliauus (fi. eaily 5th cent, a d.) attacks 
Themison for recommending a couise which irritates the 
body at a time of discomfort. “Themison in the first book 
of his Tardy Affecflous i ecommends the opening of veins 
Further, he applies many leeches to the forehead and 
shouldeis, and to the temples of the head; which thing is 
contrary to the discipline of the school ” (sc, the Methodici). 
. . , {Morb, Chron, i, 1 ; tr. A. L. P.) 

A curious reterence to leeches is to be found in tbe Canon 
of Avicenna. Avicenna (Abu ‘Ali al-Husam ibn ‘Abdallab 
ibn Slim), 980-1037, the Arabian philosopher, ^\ho was 
born at Afshena in the district of Bokbaia, worked mostly 
in Bokhara, and there is evidence that he derived some- 
thing from Indian medicine. Id is said that the passage 
in which he refers to leeches is derived from the Sush^ta 
Samhita, He writes, with i eference to Blood-letting, thus: — 

“ The Indians have said, that the natuieot certain Leeches 
is poisonous. Wherefore we must take care to avoid those 
Leeches which are of that sort that have great heads, wliose 
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■colour is antimony and black ; or whose colour is gi een ; or 
which have down upon tliem and aie like Mezenieiz, and 
upon which there are thieadsoE azure colour; and whose 
coloui IS like unto that of a certain sort oE seipeuts. JFor in 
all these there is poison ; and there arise from them deep- 
seated abscesses and swoons and bloody fluxes and fever 
and languor and bad sores. Neither do thou take the 
leeches fiom bad waters, wherein tlie slime of the bed is 
black and muddy and when ifc is stirred maketh the water 
turbid and filthy ; but choose those which are taken out of 
wjiters over which freckly growths come into being, and 
wherein fiogs dwell. Neithei do thou give heed to what 
some say, how that if they are in watei wherein frogs dwell, 
they must be bad. Let their coloui be like that of a thing 
wherein there is gieenness, and let there be stretched over 
them two threads having the coloui of oipiment ; or let 
them be red, and lound, and of the colour of the liver. Also, 
those which are like unto small locusts, and \^hlch aie like 
unto the tail of a mouse, and are extremely small with little 
heads — all these should be chosen. And none shouldst thou 
more readily choose than those which have led bellies 
and green backs, and especially if they be from running 
waters. Furthermore, the di awing of blood accomplished 
by leeches is deepei than that accomplished with the aid of 
cupping-glasses 

“ Now before the leeches be set upon the place, they must 
be collected foi one day, and b} squeezing be made to vomit, 
until that which is in their bellies come foith If tins can 
be done , and if a little Iambus blood, or of some other animal 
be given them, that they may get sustenance thence before 
they be set on to the place ; then let them be taken up, and 
let their sliminess and filth be wiped ofl with a sponge or 
the like Fuither, let the place wliereon they must be 
set be washed with soap (soda), and reddened with rubbing, 
then when you are ready to set the leeches upon it, let them 
be put into some sweet watei and cleansed, and then set on. 
To make them hang on of their own will, anoint tlie place 
with .... (text unceitain) .... or with blood. When the 
leeches shall be full, and you will loose their hold, dust them 
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over with a little salt or ash oi soap (soda') or bnrnt horse- 
hair, or linen, or burnt sponge, or burnt wool, and they will 
fall off. And it is better, after they be fallen off, that the* 
place be drawn with a cupping-glass, and that a little of 
tlie blood of the place should be taken, for to remove the ill 
effect of their bite. If the blood be not staunched, let burnt 
gall-nuts, or chalk, or ash .... finely powdered, be placed, 
upon it, or some other of those remedies which staunch 
blood. These things must be leady to hand when any 
setteth leeches, and when they begin to take hold. The 
applying of leeches bringeth relief to maladies subcutaneons, 
as scabby eruptions (serpigo and impetigo), and the like.’^ 
(^Canon^ lib. i. Fen 4 ; tr. A. L. P.) 

Finally, one may mention an inscription at Epidanrus. 

'' A man of Torone, who had swallowed leeches. In his 
sleep he saw a vision. He thought that the god cut open 
his chest with a knife and took out the leeches, which he- 
gave him into his hands. Then he stitched up his chest 
again. At daybreak he departed cured, with the leeches in 
his hand. He had swallowed them by his stepmother’s 
treachery, while drinking a mixture of honey and wine into* 
which she had put them.” (0. 1. Q-, iv. 951-2 ; tr. Mary 
Hamilton, Incubation.) 

I am greatly indebted to Mr. A. L. Peck, of Christ’s* 
College, who practically compiled this section of my 
Historical Preface. 

It IS carious that although the leech is, as Dr. Breul says,, 
common in the old Q-erman language as well as in Celtic, 
fiom which it is believed to ha\e been borrowed, there 
seem to be no mention of sucking leeches either m German 
literatuie before the sixteenth century, although the adoption 
of leeches was certainly borrowed before 200 B.o. and were 
early adapted to Teutonic writings. 

In French literature Professor Prior tells me that leeches, 
are mentioned as being commonly used in the Middle Ages. 
‘‘ Here are two quotations, the first of which is I believe the 
earliest on record. It is taken from a glossary of the I2th 
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century, and says ‘Iiudo, inis, Sansue.^ The second 
quotation comes from Edward the Confessor, and says- 
'Qui Tor vermeil et Targenfe blanc — cuveite cum sangsus 
sang.’ Finally, here is a quotation from the 14th century 
(H. de Mondeville) : ‘ L’evacuation que est faite o ventouses, 
I’evacuation o sansues ’ Stiange to say there seems to be no- 
old Fiench proverb biinging in the word.” 

In Anglo-Saxon times the word leech was used both for 
the blood-sucking Hirudo and for the medical man or 
physician. But the only certain occurrence of the word 
Imce for the animal is found in the glossaries, which were- 
primitive dictionaries including lists of more or less rare 
Latin words explained by commoner Latin words or by 
Anglo-Saxon words There is no context, and all we can 
learn is that the word was known One or two places are 
mentioned, such as Iseces mere, L e the leech’s pond or 
mere ; and again to Iseces forda, i.e, to the leecVs ford, or 
again Iseces foid, Le. onto the leech’s ford. But it may 
be, of course, that these localities were named after a local 
doctor, and not after the Hirudo. I have not been able to 
find any reference to the animal leech in Day and Payne’s 
‘ English Medicine in Anglo-Saxon Times ■’ (Oxford, 1904). 
The book is unfortunately without an index. Anglo-Saxon 
literature is on the whole rather weak in Medicine, and the 
references to it as a science are comparatively raie. The 
word leech oi doctor is very common, and occurs m all the- 
early Teutonic languages as well as in Celtic, from which it 
is believed to have been borrowed some century oi two B o. 
On the whole it looks as if the animal got the name from the 
doctor and not the doctor from the animal. 

Hirudo medicinalis *, the medicinal leech, is found m 
stagnant waters throughout Europe and the western pai ts of 
Asia. It is rather commoner in the southern parts of Europe 
than m the north. It used to be common enough in England^ 
where at one time, it was bred ; but already a hundred years- 
ago its numbers were diminishing. 

The following paragraphs, slightly modified, are taken from * The 
Minor Horrors of War,’ now out of print. 
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In a treatise on the Medicinal Leech, published by J. R. 
Johnson in the year 1816, he records: — “formerly this 
jpecies was very abundant in our island ; but from their 
present scarcity, owing to their being moie in request by 
medical men, and to the lapid improvements which have 
of late years taken place in agriculture — particularly in the 
draining and cultivation of waste lands — we are obliged to 
receive a supply fioni the Continent, chiefly fiom Bordeaux 
and Lisbon.’^ In his time he considered that for every 
native leech employed at least a hundred foreigners were 
used. 

The same scarcity was very apparent to the poet Words- 
woith, whose insatiate curiosity is recorded in the following 
lines in 1802 — Wordsworth was always asking rather fatuous 
■questions : — 

question eagerly did I renew, 

“ How 18 it that you live, and what la it you do ? ” 

Ho with a smile did then his words lepent 
And said that, gathering leeches, far and wide 
He travelled ; stimng tliua about his feet 
The waters of the pools where they abide. 

Once I could meet with them on every aide , 

But they have dwindled long by alow decay , 

Yet still I persevere, and find them wheie I may ” 

In Central Europe, where the leech was once very abun- 
dant, it is now chiefly confined to the south and east ; and 
in Germany it is still found in the island of Borknm and m 
Thuringia. 

In 1842, leeches were occasionally found in the neighbour- 
hood of Iforwich, and there are villageis still living in 
Heacham in Norfolk who lemembei the artificial leech- 
ponds. In the middle of the last century the medicinal 
leeches “ of late years .... have become scarce,^’ though 
they were still to be found ^n Ireland. Apparently this 
species is now almost extinct m England, although I know 
of a naturalist who can still find them in the New Forest, 
but he will not tell me where. If they weie getting scarce 
in the beginning of the nineteenth century they are far 
scarcer now — for by November ^ 1914, there was no leech in 
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London — at least, there are ouly a dozen or two, and they,, 
like those o£ the firm Sawyei late Nockemorff^' were 
second-hand, and I have heard that tlieieis a similar shortage 
in North America. And yet leeches are wanted by doctors L 
Harding tolls us that : — 

“ Hirudo medicinahs is not the only leech which has been 
used in phlebotomy. Hirudo troctina (Johnson, 1^16),. 
occai ring in North Africa and in Southern Europe, where 
it is perhaps an introduced species, was largely imported at 
one time for medical uses. . . . 

Several other species have beeti used for blood-lettiug in 
different countiies. Limnatis (Poecilohdella) granulosa in 
India, Liostumuin ofidnalis in Mexico, Hvnido ni'ppoma in 
Japan (Whitman), and Macrohdella decora in the United 
States (Verrill), are or have been used in phlebotomy.^' 

“ Our chief hope seems to lie in India.^’ These words I 
wiote in October 1914, and my hopes were justified. Owing 
to the energy of Dr. Annandale, of the Indian Museum, and 
the anxious care of the authoiities of the P. & 0. Company, 
I was able to land, eaily m 1915, a consignment of many 
hundred granulosa — in sound health, good spiiits,. 

and obviously anxious to do their duty. 

Leeches are still used much moie than the public are 
aware. One pharmaceutical chemist in the West End of 
London tells me he sells between one and two thousand a 
year ; and as they were bought wholesale at about one penny 
each and sold retail at about sixpence, theie is some small 
profit. 

Probably the traffic in leeches reached its height in the 
first half of the nineteenth century Harding reminds us 
that in the year 1832 iSbrard records that 57,500,000 of 
these annelids weie impoited from France, and by this time 
the artificial cultivation of leeches had become a veiy 
profitable industry. Although in a small way leeches may 
have been cultivated in special ponds in Q-ieat Britain, the 
English never undertook the industry on a laige scale. In 
Ireland the natives used to gather the leeches in Lough 
Mask, and other inland lakes, by sitting on the edge of the 
pool dangling their legs in the water until the leeches had 
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fastened on them. But the native supply was totally inade- 
quate, and the great majority of leeches used in this country 
were then imported. In 1842 Biightwell mentions a dealer 
in Norwicli who always kept a stock of 50,000 of these 
B,nnelids in two large tanks. The traffic, as we have seen, 
was very considerable. 

The French leech-merchants recogni/icd five classes, as 
follows : — 

1. Les filets ou petites Sangsues, qui ont de un a cinq 

ans ; 

2. Les petites moyennes, qui ont de cinq k huit ans ; 

3. Les grosses moyennes, qui ont de huit k douze ans ; 

4. Les mferes Sangsues ou les grosses, qui sont tout k 

fait adultes ; 

5. Les Sangsues vaches, dont la taille est enorme. 

They also recognised many col our- varieties, of which we 
need only mention the speckled, oi German leech, “ Sangsues 
grises medicinal es,’^ with a greenish-yellow ventral surface 
spotted with black, and the green Hungarian leech with 
olive-green spotted ventral service. Both are merely colour- 
varieties of lih'udo medicinalis — a species which shows 
great variation in colour, and often forms colour-races when 
bred artificially. 

The varying sizes of the five categories mentioned above 
maybe seen by the fact that one thousand of ‘‘les hlets 
weigh from 325 to 500 grammes, one thousand of les petites 
moyennes ” weigh 500 to 700 grammes, and one thousand of 
the “ grosses moyennes ’’ weigh 700 to 1300 grammes, and 
one thousand of the “ grosses ” 1300 to 2500 or even to 3000 
grammes ; whereas one thousand of les vaches ” weigh 
up to 10 kilograms, and sometimes even more. To increase 
their weight the dishonest dealei sometimes gave them a 
heavy meal just before selling them. 

They were transported from place to place in casks half- 
filled with clay and \\ ater, or in stone vases full of water. 
Sometimes they travelled in sacks of strong linen, or even 
of leather, and these had to be watered from time to time. 
Another mode of conveying them was to place them in 
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baskets full of moss or grass soaked in water, but care had 
“to be taken lest they should escape. These baskets, again, 
could not be packed one upon another, or the leeches were 
crushed. In the old days each sack often weighed 20 to 25 
kilograms ; and travelling thus, suspended in a kind of 
hammock, dans une voiture ou fourgon^ ifrom Palota near 
Pesth, they reached Paris in from twelve to fifteen days. 

They generally travelled via Vienna to SLrasburg, where 
twelve great reservoirs, appropiiately placed near the hospital, 
received them, and here they rested for awhile Others 
<jollected in Syria and Egypt came by ship to Trieste, whence 
they were sent to Bologna, to Milan, and to Turin, or by 
watei to Marseilles. Marseilles also received directly by 
sea the leeches from Levant and Africa and expedited them 
to Montpellier, Toulouse, and many another town in the 
south. 

The best time of the year for their journey was found to 
be the spring and autumn. They were more difldcult to 
manage in the summer, and they were all the better for 
having a rest every now and then, as they nsed to do at 
Strasburg There were times when consignments of from 
60,000 to 80,000 a day used to leave Strasburg for Pans. 
In 1806 a thousand leeches in Fiance fetched 12 to 15 
francs ; but in 1821 the price had risen to 150 to 200 and 
even 283 francs. In the latter year they were retailed at 
20 to 50 for 4 to 10 sous. 

In France, however, as in England, the artificial cultivation 
of leeches is for the most part diminishing, though half 
a century ago leech-farms were common in Finiatfer© and in 
the marshes in the neighbourhood of Nantes. There were 
some years when, if the season was favourable, the peasants 
carried to market 60,000 a day. Spam and Portugal also 
furnished leeches for a long time ; but by the middle of 
last century the Peninsula had become almost depleted. 
But some leeches were still at that period being received 
from Tuscany and Piedmont. Perhaps the richest fields 
which still exist are the marshy regions of Hungary. 

There is no doubt that the medicinal leech is one of the 
most beautiful of animals. Many of its cousins are uniform 
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and dull in colour — “ self-coloured as the drapers would 
call them ; but the coloration oE the medicinal leech could 
not be improved upon. It is a delicious harmony of reddish- 
browns and gieens and blacks and yellows, a beautiful 
soft symphony of velvety orange and olive and black, the 
markings being repeated on eacli segment, but not to the 
extent of a tedious repetition. So beautiful are they tliat 
the fastidious ladies who adorned the salons at the height of 
the ieech-mania, during the beginning of the nineteenth 
century, used to deck their dresses with embroidered leeches, 
and by repeating the design one after the other, constructed 
a chain oE leeches which, as a ribbon, was inserted around 
the confines of their vesture. 

Ohrifit’s College Lodge, A. E. SHIPLEY. 

Cambridge. 

December, 1926 



EXPLANATION OF PLATES. 


The originals of the coloured figures of Plates lEI-V were 
painted from living specimens by Mr. A. Ohowdliary and other 
artists at the Indian Museum, except as noted, and copied for this 
work by Miss Helen Winchester. While doubtless representing 
the colours correctly, they have no value for annulatioii or other 
features of external morphology. The photographs (Plates VI- 
IX.) should be examined with a reading-glass to bring out details 
not otherwise evident. 


PLATE I. 

Diagramfl of typioal complete somites of repreaentatiye genera of leeches (as 
named on the plate) haying from two to fourteen annuli This is 
not an eyolutionary series, and within tlie limits of the genera 
illustrated other uonditionB may occur The normal position of 
the nerye-ganglion is indicated. Dorsal metameno sensillsQ, and in 
the genera of Erpobdellidaa, non-inetameric sense-orgaus as well, 
appear as sinall circles, yentrol sensiUoe as sobd dots Large oiroles 
on Fontohdella represent cutaneous warts. Small funnels indicate 
the nepbropores Symbols representing the annuli appear at the 
right, and famish a key to the homologous parts 


PLATE n. 

iNUIAIir EhTNOHOBDEIjLjE. 

Fig 1 margtnata, subap marginata (0 F Muller), 1774. An 

indiyidual gorged with blood, hanging by its posterior sucker X 14 

Fig 2 The same Dorsal yiew of anterior part of the body X 14 

Fig 3 FontdbdeUa Icynoata, Harding, 1924 From a specimen preserred in 
alcohol, life size, 
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Fig 4, Ozobranchus ahiple^ij Harding, 1909 A. dark-coloured example in 
contraction X 2 

Fig fi. Ozobranchus ahtpUyi A patch of eggs embedded in cbitinous cement, 
stripped from the plastron of the tortoise, Kaohuga interTnediaf 
viewed by transmitted light as a transparency X 7 

Pig 6 Ozobranchus shvpUyx Dorsal view of a young individual, fully 
extended x 3 

Fig 7 Flcuiobdella fulva^ Harding, 1924 Dorsal aspect X 3 

Fig. 8 . Pontobdella (subgen Poniohddhna) ma^othela^ Sohmarda, 1861 
Dorsal aspect of somites XIX and XX, sliowing the disposition of 
the tubercles X 5 

Fig 9 HelohdeUla nociva, Harding, 1924 Dorsal aspect X 8 

Fig 10. Qlossfiphoma toeben, R Blanchard, 1897. Dorsal aspect X 8 

Fig. 11. Paraclepsu pradadnXf Harding, 1924 Dorsal aspect X 5. 

Fig, 12. ParaclepsM prcsdatrix. Dorsal aspect of another individual of a 
different colour X 5. 

N B. — Pigs. 1 , 2, 4-6, and 9-12 are by A. 0 Chowdhary, of the Indian Museum, 
and figs 8 and 8 by the late W. West, of Cambridge 

PLATE III. 

Indian Abhinohobdell-e. 

Fig. 1 Htntdinana javantca (WahJberg) Dorsal and ventral aspects 

Natural size From drawing by Dr C P Sluiter, of living leeches 
at Batavia, Java 

Fig. 2 Etnidinana TmmlUims (Lesson). Dorsal and ventral aspects 

Natural size Specimen taken near Calcutta 

Fig 3 HerpohdeUoideai.ndKa{K9i\i\\Yi^\) Egg-capsnle formed by a specimen 
taken at Kalka (Simla Hills), x 4. 

PLATE lY. 

Fig 4 Jhnobdella ferox (Blanchard) Dorsum Natural size Drawn at 
the Indian Museum from a living specimen taken at Ahmadabad 
(See footnote, p 178 ) 

Fig. 6 . H%rud%nar%a granulosa (Savigny) Dorsum and venteri Natural size 
Muttra, Unit, Prov 

Fig 6 H&madipsa zcylamca agihs Moore Dorsal, ventral and lateral 
gspeots of a specimen from Almora, X 2, 
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PLATE V. 

JFig 7 Haniadipsa eeylanwa (Moq[iiin - Taudon), Dorsum and yenter, 
X ca 2^. From sketoli made in Oeyloii by 0 O Whitman 

Fig 8 Haiyuidtpaa eeylantca, inonttvindiQis Moore Dorsal, ventral and 
lateral aspeobs. x 3 Kurseong, Dai-jeeling 

Fig 0 HtBViadtpsa sylirntna Blanohard Dorsal, lateral and ventral 
aspects Natural size Near Caloutta 

Fig 10 Hamadipsa sylvestins Blanchard, Dorsal view of a small uniformly 
coloured specimen X 4. Near Calcutta. 

Fig 11. Hcamadipaa onMta Moore. Dorsal, ventral and lateral aspects of 
type, fiom Darjeeling Natural size. 

PLATE YI. 

fci’ig 12 M'pobdella octoculata (Linnmus) Dorsum of two examples trom 
Sinnogai* X 2 

Fig 13 Herpohdelioidect laterootilaia Kaburnki. Dorsum of four specimens 
of type lot X 2 

Fig 14 Same. Venter 

Fig. 16 Herpobdelloidea t/tdica (Kabul aki), Dorsal view of a speoiiuen from 
Simla Hills. X 2 

Fig 16 Same Ventral view of thiee, showing different conditions of the 
male goiiopoie X 2 A spenuatopbore shows on the one to the 
light 

Fig 17 Forainmobdella heptamerata Kaburaki. Dorsum of type, showing 
gasti 10 onflce, go. x 3 

Fig 18 Wkitmania lama (Baird). Dorsal new of dissection of Tlianga Island 
speomien, sliowing digestive tract and part of organs of repiodnction. 
X Same specimen as shown m text-figure 11 

PLATE VII. 

Fig 19 Myxobdella annandaUt Oka Doisal aspect of apeciuien fi oiii Dawna 
Hills, L Burma X on li 

Fig. 20 Same, from venter. 

Fig 21 Whitinama lama (Band). Dorsal aspect of Pagla Nadi specimen 
XL 

Fig 22 Same Ventral aspect of Pagla Nadi and Thaiiga Island specimens 
X 1 

Fig 23 Bmobdella ferox Ventral aspect of parasitic individual 

from Naga Hills. X 1 

Pig 24 Same Dorsal view of disseoted empty digestive tioot of a free-hviiig 
individual from Ceylon X 1 
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PLATE Vm. 

Fig 25. Stmdo aataitca (Blanchard') Dorsal yiew of paitly disseoted digestive 

tract and reproductive organs of a speoimen from Oawnpore, 
Unit. Prov. X 2J. 

Pig 26. Sirudo bvmantoa (Blanoheird) Dorsal view of two small examples 
to show colou]>patterii x 2. 

Fig 27. Ltmnaita paUida (Tennenb). Ventral aspect of a partly macerated 
specimen from Baluchistan. X 2. 

Fig 28. Same Dissection of a stomach filled with blood to show form of 
distended oieoa. X 2. 

Fig 29. Stmdtnana javantoa (Wahlberg) Dorsal aspect of a speoimen 
from Chinese frontier of Burma X 2. 

Fig 30. Same. Ventral aspect. X 2 

Fig 31. Smtdtnaria wridis Moore. Dorsal aspect of a specimen from 
unknown looabty X 1 

Fig. 32 Same, Veutral aspect. X 2 

Pig 33. Same Two speoimens from Travaucore to show change m colour- 
pattern. X li 

Fig. 34 JhnohdeUa notata Moore Dorsal and ventral views of type from Palm 
Hills. X 2. 

Fig 35, Same Partial disseotion of reproductive organs of oo-lype, frum 
dorsum. X 2^ 


PLATE IX 

Fig. 36. S<smad/i.p&a zeylanrca coohtniana Moore Seven specimens from 
Kavalai in various positions to show colour-pattern and prehensile 
papilla. X 3. 

Pig 37. Rtamadvpm eeylamca moiitivindiGta Moore. Three egg-capsules from 
Pasbok. X 3. 

Fig. 38. Hismadvpsa Tnoi^tana Moore Three unfed specimens fiom Qtintok m 
dorialf ventral and lateral aspects X 2 

Fig. 39 Same A gorged individual from same lot and of same size 
X nearly 2 

Fig. 40 Same. Disseotion of a specimen from Gantok X 2^ The empty 
stomach is turned to the left, exposing the large, ciwded testep, of 
which ten pairs are shown , the voginnl cfeLUin is drawn to the left , 
and I he riglit epididymis to the right side 

Fig. 41. HeBTJiadipsa sylvestna Blanchard. Dorsal and ventral aspects of 
specimens taken near Oaloutta on Jan 5tb X 2. 

Fig 42 H(Bmad%p6a miaia Moore. Lateral view of type. X oa. 2 
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THE SEGICENTATIOIT (METAMEEISM AND ANNHLATIOUr) 

OP THE HIKHDIHEA. 

; 

'BY 

J. PERCY MOORE, 

Univemity op Pennsylvania, U.S.A, 


A NOTEWORTHY Character IS tic of leeches is the numerical 
constancy of their constituent segments, somites, or uietameres, 
as they have been variously named. The first complete demon- 
stration of this fact, as well as the recognition of its great 
importance m leech morphology, we owe to Whitman (’86, ’92),. 
whose work will long remain the standaid of perfection for this 
group. Exactly thirty-four of these somites occur m all leeches 
that have been caretully studied, and there is no mcrease in 
number with age They are designated by the Roman numerals 
I to XXXIV, and are giouped into five or six, more or less well- 
marked, legious . the bead, or cephalic region, of somites I to VI, ' 
the pre-clitellar legion of somites VII to IX (in the Ichtbyobdel- 
lidsB often united with the genital and together commonly 
designated as the neck), the middle-body region ot somites X to 
XXIV, further subdivided mro the clitellar or genital region 
(somites X to XIII) and the post-olitellar region (somites XIV 
to XXIV), the anal region ot somites XXV to XXVII, and the 
caudal region, or sucker, ot somites XXVIII to XXXIV. 

While the degiee ot differentiation of these regions differs 
considerably in the several families and even the genera of leeches,, 
they are fairly uatuial morphological and physiological mtegra- 
tions, characterized by both internal and exteinal features. 
Inasmuch as these distinctions are based largely upon modifica- 
tions ©f the morphological unit, the somite, the characteristics of 
this unit must be considered first, 

B 
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As has been so beautifully proven by Whitman (*86, ’92), 
Apathy (’88), Livanov (’03, '04), et al^ the segments ot a leech’s 
body aie true metameres, homodynainous throughout, and quite 
equivalent to those of Oligochseta and Pol}chaBta. Except at the 
extreme ends of the body, where they are much modified to form 
specialized apical and terminal oigans, each somite includes, as in 
the chaBtopods, a typical segment of each of the organ systems 
across which it cuts or which passes through it. We recognize, 
therefoie, as constituting a somite, a complete segment of the 
nervous system or neuiomere, a muscle segment or myomere, a 
segment, of the body-cavity or coelomere, ot the mesenchymatous 
connective tissue or scleiouiere, ot the tiue circulatory system or 
vascoinere, of the reproductive orgaus or gonomere, ot the organs 
of excretion or nephiomere (the last six collectively constituting a 
mesomere), of the outer integuments and their products or 
ectomere, and of the digestive system or endomere. Except for 
certain shif tings that it would he out of place to discuss heie, all 
of these parts are iii substantial alignment. 

This has not dways been recognized . neither the true nature 
of the somites nor the alignment of the segments of the several 
organ systems. Even in some recent text-books of zoology the 
fitatement remains that the inner and outer segmentation of the 
leeches do not agree. While in a few cases this cleaily refers to 
the older view of lack of agreement between external metamerism 
and mternal metamerism, it generally means only that the external 
rings are more numeious than the somites. But the latter is 
equally true ot most Oligochssta and Polycbssta, the somites of 
which are almost always annulated The difiereuce hes mainly in 
the loss of parapodia and setsa in the leeches, with the consequent 
•equalization of the rings and a masking of the somite limits. 

Doubtless the earlier point of view minimizing the importance 
of the metamerism of leeches w'as lai'gely influenced by the wide- 
spread belief m their platyhelmin thine affinities. This in turn 
was based upon their supei ficial resemblance to ectoparasitic tre- 
matodes in the development of organs essential to the parasitic 
mode of life and in the suppression of a spacious body-cavity by 
■the encroachments of a highly-developed muscular system and of 
parenchymatous connective tissue. 

Although the great French naturalist Lamaick recognized the 
annehdan affinities of the leeches as long ago as the first decade of 
the nmeteenth century, this view made progress slowly, and even 
after its ■wide acceptance the external anuulation of leeches was 
looked upon as a purely mtegumental feature without close relation 
to the internal organization. It is true that several eai’her 
writers on the medicinal leech referred to the repetition of certain 
-external organs at intervals of five rings, but Gratiolet (1862) 
appears to have been the fiirst to recognize a regular external 
metamerism in which each somite (zonite) embraces a certam 
'definite number of annuli. The limits of these he determined by 
the repetition of the nephndial openmgs, colour-markings, and 
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'especially of certain white or diaphanous spots now known as 
eensillsB, which he considered as distiiigaishiog the first annulus 
of each somite. It remonied, however, for Whitman (’92, *86) to 
give precision to these determinations, and to analyze the external 
morphology of the leeches to its logical completeness Upon tins 
analysis he based a method ot diagnosing the genera and species 
that has served as the model for all subsequent systematic work 
on the group. 

Very curiously, Whitman and his followers accepted Qratiolet's 
determination of tlie somite limits, apparently overlooking the 
very obvious and serious difficulties to which it leads m putting 
out of alignment the organ-systems. It especially throws into 
serious conflict the external metamerism of the annuli and the 
interual metamerism ot the nervous system 

A new determination ot‘ the somite limits was therefore made in 
1900 by Castle and Moore simultaneously and indepeudeutly and 
on different mateiial. This sets the anterior limit of the flve- 
nuged somite two annuli faither forward than Whitman *s method, 
and makes the annulus bearing the sensillss or segmental sense- 
•organs externally and the nerve ganglion internally the middle 
ring of the somite and not the first, as had been held previously. 
This has the important advantage ot consistent agreement in the 
segmentation of the several organ-systems, and especially of the 
external metameiism and the internal neuraraerism. The distri- 
bution of the segmental neives corresponds exactly with that of 
the sense-organs and external somites throughout the bodv, and 
liarmonizes with a great mass of anatomical and embryological 
facts, manv of them of great interest to systematic workers. The 
disharmonies, on the other hand, are relatively few and readily 
explained. The details of the evidence, however, cunuot be 
entered into here This neuroineric standard of segmentation 
was verv fully confirmed by Livanow (’03), and is now generally 
accepted. 

The somites find their fullest expression and greatest elaboration 
(hence designated as compl^'te somites) in the middle-body region 
(chtellum and post-clitellum) Externally they are diiided by 
shallow iiitegumental fuirows into from two to fourteen annuli, 
the number being more or less charactenstic of particular genera 
or Inghei groups. Thus the several genera of the Jchthyobdellidas 
^over the entire range , the Grlossiphonid© ver}" geuerally have 
trianinilate, but may have biannulate or incipiently quinquannu- 
late somites ; the Hirudidas usually have five-ringed somites, but 
raiely they may be three, four, six or seven-ringed , the Erpobdel- 
lidaa also are commonly five-ringed, but may have six, seven, eight 
or moie rings. The number of annuli into whicli a complete 
somite IS divided is not a haphazard matter, but follows an 
orderly sequence 

While it has not baen possible to determine with certainty in 
just which stage of elaboration of the somite the Hirudmea arose 
from the Oligochasta, the weight of the evidence and the concensus 
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of opinion favours tlie tnaunulate somite as primary. This is- 
indicated by its wide prevalence in both the Hirudinea and the 
Chcetopoda, and by the triad character of the central neuromeres- 
and the penpheral nerves and nerve-rings. In the Polychoeta the 
principal annulus bears the parapodia, but smaller propodal and 
postpodal annuli are commonly differentiated, though subordinated 
to the somite In many Oligocliseta a middle annulus bears the 
setBB, and a presetal annulus, on which the nephropores open, and 
a poRtsetal annulus are usually easily recognizable Substituting 
the sensillfiB for the setae, an exactly similar topogi aphy obtains in 
the Hirudinea- The sensory or neiii'nl annulus of the leeches is 
homologous with the setigeroiis annulus of the earthworms, and 
the nephiidia open near tlie caudal margin oL the presensoiy 
annulus, or its equivalent, of both. 

^Nevertheless, m the ontogenetic development of the leech 
somite uniannulate and bianiiulate stages precede and give rise to 
the triannulate stage. Not only is this true, but. the biannnlate 
condition in which the sensory and presensory regions are united 
into a larger autenor annulus, is charaetenstic ot the complete 
somites of Ohgobdella among the Grlossiphonidae and of 

Ozohanchus among the Ichthyohdellidfie In the young of nearly 
all leeches and tlie adults of many under favoiuable conditions of 
preservation and contraction, the relatnesize and gioiiping of ihe^ 
annuli and the relative depth of the interaunulai furrows is ex- 
pressive of the influence of biannulation Also, biannulale 
somites are found at both ends of all leeches Illustrations of this 
will appear under the specific descriptions. 

However, even should the primitive leech ultimatelv be proven 
to have been umannnlate oi biannulate, the triannulate somite 
has a far wider prevalence in existing leeches, and tor descriptive 
purposes it is more convenient to arlopt it as basic Extensive 
comparison of somites with more than three annuli shows clearlv 
that they are derived from the triannulate condition bv growth 
and subdivision of one or more of the three prim.iiy annuli. The 
quinqii annulate somite is formed bv the subdivision of the first 
and third, the sexainiulate usually by tlie tertiary subdivision of 
the last or fifth seconda^^ annulus, but m certain Ichth\ obdellidre 
by the binary division of all three prininry annuli The septan- 
nulate and higher multiples also may exhibit more tliaii one 
possibility, each characteristic of different genera but reached only 
through further binary division of annuli of lower orders In 
this process of annular elaboration the middle primary or sensoiy 
annulus is generally moie conservative, and becomes less sub- 
divided than either of the others Thus m the five-ringed somite 
it remains quite undivided, and in the fourteen -ringed somite of 
it stops with four tertiary annuli, whereas each of the 
other primary annuli has developed two, or the post-sensory 
annulus four, quaternary annuli Increa'^ein the numbei of annuli 
shows some correlation with increased flexibility and possibly with 
capacity for extension, which agnm is conelated with the mode of 
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ilfe It iH a device for lengthening the body imposed by the 
hxity m the number o! somites. 

Turning from the middle-body region to the ends, we find a pro- 
gressive simplification of the somite (fig. 1), the number of aniiuli 
passing successively through a four-, three- and two- to a one-nnged 
stage, a process which Whitmau described as centrifugal reduction 
or abbreviation. Oi it it be considered that the process of elaboia- 
tion first appeared and proceeded farthest in the middle region 
and thence spread with diminishing effect towards the ends, then 
the latter would be more piimitive and retarded and the process 
more properly described as ceiitii petal elaboration. Whatever our 
theoretic^ preference, the full series of stages from the umannulate 
apical somites to the complete middle somites exactly parallels the 
steps m the ontogeiitic de\elopiiieut of the somite furthermore, 
each place m this senes from the biannulate stage onward is 
repieaented in the permanent complete somite of particular 
genera 

The exact position of the segmental seusiUae on the middle zone 
■ot the somite selves as an indicator and a measure of the growth 
process, and shows whetliei an annulus has arisen or is arising on 
the cephalic or the caudal end of a somite. A furthei teat is found 
m the frequent arrangement of the noii-eegmeutiil sense-organs in 
a transverse zone on each iLiinuliis, inasmuch as this zone often 
will exhibit more or less complete division into two zones before 
even an incipient furrow can be detected Localized deposits of 
pigment also demonstrate the constancy and definiteness of these 
annular constituents ot somites. In many species m which meta- 
meric pigment spots are limited to particular annuli of complete 
■somites, they may be identified on incomplete somites as restricted 
with the greatest precision to the coiresponding region, even 
though no furrow may be developed to cut off the aunulus to 
which they belong Irom the more compieheusive annulus in which 
■they aie included. 

As auuLili arise and develop, the furrows delimiting them are at 
first very shallow and incomplete Usually they appear first in 
the middle doisal field, troui which they extend laterally and 
around the sides to the venter, finally meeting and completing the 
furrow, which becomes progressively deeper as the annulus grows 
to full size. Earely such furrows may be best developed on or 
even restricted to the venter. This occurs most frequentl}^ in the 
anal region, where also fuiiows may be deeper on or even confined 
to tlie margins, and very sli allow or totally absent m the mid- 
dorsal and mid-ventrnl fields 

Exhaustive study of many genera and species of leeches clemon- 
■strates that the order of development of annuh, both in tlie 
ontogony and lu the morphology of successive homodyuamous 
aomites, ot any grown leech, is very regular and constant. 
Beginning with a umannulate somite, the post-sensory region first 
grows in length so that the sensillas he nearei to the cephalic 
border. A furrow then appears caudad of the zone of sensillss. 
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metamnriBm imd annulation of a typical ten-oyeil 
. leech (Hirudidffl), slightly modified from a diawmg by W A. Hapdinc 

(Savigny) Meta.ner.em 
indicted on the left side by Eoman i.ame.-alo, an.iiilation on tl.o right eido, 

T 1?° '““’”/^ notation L Italm 

are also* mdicated nephroporea, gonopores and anue 
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and, when completed, splits off a post-sensory annulus of a now 
biaunuliite somite. The cephalic annulus is the larger, and fre- 
quently bears the sensillss nearer to its caudal margin. The more 
active growth process is now transferred to the pre-sensory region, 
a new furrow appears cephalad of the sensilles and leads to the 
separation of the pre-sensory annulus of a tnannulate somite. All 
three annuli continue to grow, but the post-sensory most rapidly, 
and if the leech is to develop beyond the tnannulate stage, it is 
soon divided into two secondary annuli, thus completang the 
quadrannulate stage. This is converted into the q uinquaunulate 
somite by a similar division of the pre-sensory annulus. 

Until an advanced stage in ontogeny, or until the middle body 
region oh a grown leech is reached, the post-sensory portion of the 
somite leads in development the pre-sensory part. This condition 
mav be reversed on certain ot the incomplete somites at the caudal 
end of the body, in winch the cephalic part of the somite may be 
the moie elaborated or the caudal part the more simphfied. In 
immature examples ot most species, under favourable conditions 
of preservation of the adults of many species, and under all con- 
ditions of some species (most notablv Myxobdellay Oka, 1917), the 
relative age of the several annuli may be traced in the differing 
depths of the furrows aepaiatmg them, these fuiTOws being more 
shallow in the exact order of their formation as described above, 
Q-reat caution m interpreting these appearances is, however, 
necessary, as furrow depths are affected by many conditions. 

In the head or cephalic region of a typical quinquannulate leech 
(hg. 1) the preocular and first two ocular somites (I-III) are usually 
uniaimulate, sometimes (especially III) with a very faint furiow 
effecting incipient biannulation. These three constitute the pre- 
hensile portion of the cephalic sucker, and together with part of 
ly, are commonly designated the upper lip. In reality they 
compiise the dorsal halves only of the somites, as is indicated by 
the absence of the ventral sensillas and nerve branches Somites- 
lY and V are usually biannulate, or the latter partially tnannulate, 
and they enter into the posterior nm ol the cephalic sucker, 
forming the buccal nng. YI is commonly fully triannulate, but 
the first and second annuli frequently coalesce ventrally to form 
the post-buccal ring In the ten-eyed leeches this is the last 
oouliferous somite and completes the head-region, which receives 
its nerve supply from the cephalic ganglionic aggregation of six 
neuromeres In the tnannulate Q-lossiphonidss, YI (sometimes Y) 
marks the beginning of the senes of complete somites. 

The next three somites (YII, YUI and IX) constitute the pre- 
clitelluin or transition region between tlie much reduced somites 
of the head and the complete somites of the mid-body region. 
Usually YII is tnannulate, YIII quadrannulate through the 
division o£ the post-sensory annulus into two, and IX is quin- 
quannnlate, but the pre-sensory annuli are seldom of full size, and 
the separating furrow is more shallow than the corresponding 
post-sensory one. This region receives its nerve supply from the 
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three distinct but not widely -separated ganglia of the ventral cord. 
It IS peculiarly variable in the different geneia. 

With X generally begin the fully complete somites in leeches 
having five or more anuuli, and they usually continue to XXII or 
XXIII or XXIY But XXIV coinmoulv exhibits post-sensoi’y 
reduction or incompleteness, which in the true laud leeches leads 
to the entire suppiesRion of this part. The ganglia of this region 
are regularly aud widely spaced and lie in the middle or second 
primary annulus. 

Somites XXV, XXVI and XXVII of the anal region aie in- 
variably more or less incomplete, the first being most frequently 
triannulate, but often biannulate, the second usually biannulate, 
and the Inst, which (except in a tew cases) bounds or includes the 
anus, is biannulate or iiniannulate. In the true land leeches all 
three are iiniannulate The position of the sensillfls is ot especial 
importance in this region m indicating the composition of the 
somites. As in the corresponding preclitellar transition region at 
the cephalic end, the ganglia ore approximated but not aggiegated 
into a mass. 

The remaining seven somites, XXVIII to XXXIV, are quite 
simple and umannulate and, indeed, so completely coalesced that 
the lutersegmental furiowa are suppressed. The location of the 
somites is indicated by their sensillsB, the full seven circles of 
which can be counted only in a few favourable geuera, and even 
in these iriegulaiities are usual. The segments of the caudal 
sucker differ from those of the cephalic sucker m being composed 
of both dorsal and vential halves striing together, like so many 
disks or rings, on an axis and, therefore, all parallel ^ith the iim 
of the sucker, which is formed of the List sounte alone The 
zonary oirangement of both dorsal and vential seiisillae confirms 
this In this conatiuction it differs greatly from the oral sucker, 
the annuli of which (anterior to the buccal ring) cut the margin 
perpendicularly. See, however, the remarks in the systematic part 
on the ventral sucker riha of Hcemadijpsa. Corresponding to the 
concentration, of the somites of this legioii the seven nenromerea 
are aggregated into a compact mass, which is made up of the typical 
ganglionic elements and nerve-trunks 

It is of interest to note how perfectly balanced aie the two 
ends of the body, the fi\ e regions consisting of six, three, fifteen, 
three and seven somites respectively From this ilesciiplion it 
will be seen that the morphology of a leech’s body does not con- 
form to a regular metabolic axial gi-adient system from end to end, 
but that the region of greatest growth elaboration is in the middle, 
and from this diminishes giadually both ways, furthermore, 
each somite represents a somewhat independent centie of growth 
actlVl^Y which follows a definite principle. This is, that the 
middle or sensory annulus is the most conservative and backwaid 
m development, aud the end annuli the most active and advanced. 
Also the end ot the somite directed tow aid the centre of the body 
usually progresses farthnr than the distal end There are even 
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evidences that each of the annuh of the tnannulate somite has 
-acquu'ed a moderate autonomy. 

To designate the annuli into which complete somites may be 
divided, the following theoretical system of notation has been 
adopted and used by the writer on the assumption that each 
-annulus may grow and undergo binary division, and these pro- 
ducts in turn similarly grow and subdivide, as explained above. 
Beginning with the tnannulate somite as primary, three successive 
subdivisions may take place, resulting in secondary, teitiary and 
•quaternary annuli No leech is known to have developed annuli 
beyond the fourth order, though there is no apparent reason why 
this may nob occur. The four orders are indicated by the symbols 
-a, 6, c and d respectively, and the annuli in each order are num- 
bered m the cephalo-caudnl direction, as shown m the following 
table. 


Theoeetical Table op op Each Otijdee 


Primary Secondary. 
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b 3 
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a 2 18 the primary sensory or neural annulus, the centre of 
balance of the somite, and the least subject to modification of the 
three primary annuh. A few IchthyobdelhdsB are known m 
which all oc the six secondary annuli are equally developed, and 
a few in which all of the twelve tertiary annuli appear. No leech 
is known in which more than a few of the quaternary annuli are 
developed, and these are almost invariably in the post-sensory (a 3) 
region. A few diagrams (PI I ) wiH make clear the application 
of the system to the complete somites of typical genera. 

Here we have examples of complete somites composed of 2 , 3,. 
4, 5, 6 , 7, 8 , 9, 12 and 14 annuli, and there aie many others 
exhibiting transitions between these. Each of these may be ex- 
pressed by an easily comprehended formula embracing the symbola 
of all of its developed annuli. Thus the complete somite of 
GlossipkonioL 18 expressed as al-fa2 + «3 or al— 3, of Hirudo 
and most other typical qumquannulate geneia as 61-f-&2-l-a2 
4-6 64-6 6 , of Trachelohflella as 61-f 624-634-644-6 64 - 6 6 or 
61—6, of Trochceta as cl4-c24-6 24 -a 24-6 6-|-£Z2l4-fZ22+cl2, 
of Piscicola as 0 1 — 84 -^ 2 17 — 18-pc9— 104-c223 — 24 
Inasmuch as the differentiation of annuli takes place by the 
gradual development of furrows both m depth and extent, it la 
obvious that interpretations by different students, or even by the 
same student at different times, wall differ. The somite of Dina^ 
for example, has been described by one as 6 -annulate and by 
another as 6 -annulate. This difficulty exists, of course, with any 
system or with no system of terminology, and much of the 
existing unceitainty regarding the status of species has arisen 
from this cause For my own guidance in preparmg descriptions, 
I have adopted and endeavoured to apply as accurately as possible 
the following rule. Whenever the furrow separating two annuli 
has become at least one-half as deep as the neighbouring furrows, 
and when it has extended at least across the entire dorsal half or 
ventral half of the circumference, the annuli are considered to be 
differentiated and worthy of being designated by their specific 
symbols If the furrow is less developed than this, the aunuh are 
regarded as being still in the incipient stage, and are designated 
either by the symbol of the inclusive annulus with the appropriate 
descriptive remarks, or by what is often better, the symbols of the 
incipieut annuh enclosed by parentheses , thus the enlarged fifth 
annulus of Dina is expressed as (c 11 -he 12) 

This terminology may be applied equally well to annuh of any 
degree of incompleteness. Thus somite VIII of many quin- 
quannulate leeches is quadrannulate, but the pre-sensory primary 
annulus shows a very faint or partial furrow, aud consequently is 
expressed as ( 6 1 4-6 2 ). Frequently no furrow at all is discernible, 
but the undivided annulus is distinctly longer tlian its neighbours 
of the same order. In such cases it may nevertheless be desirable 
to express the latency ot the annuli by the formula with the 
-f sign omitted, thus, (616 2 ). This is especially desirable in the 
case of biannulate somites occurring m the cephalic and anal 
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regions of nearly all leeches and througliout the body of OlxgoldeUa 
as the complete somites These have the formula (al a2)+a3y 
or, if better developed, (aH-a2)+a3. The relative sizes or the 
exact ratios of the length of different annuli compared may be- 
expressed in the formulse by adding the appropriate mathematical 
symbols* =, >, < or the numerical quantities thus, VII al< 
VII a 3 or YII a 1=2/3 VTI a 3. The same system is used to- 
designate furrows also by writing the symbols of the bounding 
annuli in fractional form sepaiated by a line e.p., a 1/a 2, and 
their lelative depth may be expiessed by using the mathematical 
signs or quantities: thus, VII h &fh 6 < VIII hl/h 2 oi IX 6 1/6 2= 
1/2 IX 6 5/6 6. Conditions on the dorsum and venter may also be 
compaied 

Although this terminology was proposed in 1898 (Moore C98)), 
and has been used by the writer ever since, it has not been 
adopted by other student of leeches, only three being known to 
have used it Nevertheless, the system possesses several merits* 
By means of it the development o\ the annuli of any leech may he 
expressed in detail by a brief and easily understood dingnoatie 
formula, and a uniform basis for the exact comparison of the 
different species established. By comhining the annulus symbols 
with the Eoinon numerals designating somites, any paiticular 
annulus of a leech’s body may be indicated, and this without the 
necessity of counting all of the annuli. Under this system the 
source of any discrepancy between the counts of two writers may 
be instantly detected and located. Differences in dorsal and 
ventral aunnlation are also expressed exactly 

All systematic writers on the Hirudiuea have laid stress on the 
importance of making exact counts of the number of annuli, and 
have used the annuli numbers to designate the position of other 
structures Each writer has selected a fixed starting-point, but 
unfortunately, until recently, there has been no agreement upon 
the location of this point There have been used the first pair ot 
eyes, the last pair ot eyes and the anus on the dorsal side, and the 
“mouth” (buccal rim) and first pair of nephropores on the ventral 
side, but as writers do not always state which system they employ, 
the resulting confusion is great. Whitman quite logically dis- 
carded all of the earlier unnatural systems, and numbered eveiy 
annulus successively, begiimuig with the tip ot the head This is 
the bystem uow generally in vogue, and would be satisfactory were 
it possible to apply it consistently, Untoilunately, however, 
annuli are not always perfectly definite parts. At the head end 
especially they may be obscure and lU-deflned, and on poorly-pre- 
served material are frequently totally obliterated. This results m 
diverse interpretations, frequent errors, and inconsistencies which 
affect the enumeration of the annuli tliroughout the length. In 
the absence of the original mateiial it is often impossible to 
determine the exact souice of confusion, and there may be much 
uncertainty concerning the species to which a description refers 
An advantage of the system proposed is that any errors or 
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discrepancies are confined to the somite in which they occui, and 
consequently may usually be checked and interpreted by an ex- 
perienced student. Other points on the body aie not affected, as 
they are independently determined. The annulation of each 
somite IS determined separately, and theie are so many good 
criteria by which the somites may be delimited and counted that 
there is small excuse for eiTors Of couise, tins system, like any 
other, IS subject to the vicissitudes of the personal equation and 
human frailty, but it has the advantage of offering many objective 
checks and of limiting the error 

Bv using this terminology in connexion with that employed for 
mapping out the surfaces m longitudinal fields or tracts separated 
by the lines along which the sensillte he, we are piovided with a 
system of coordinates, a soit of minute latitude and longitude, by 
which any point on a leech’s body may be designated with the 
utmost precision and located veiy quickly. 

In case objection is made to the theoretical considerations upon 
whieli this terminology is based, a great improvement ovei Whit- 
man’s system would be found m the employment of the Eoman 
numerals to designate the somite and Arabic numerals to indicate 
the annuli of each somite. Tins would have the great disadvan- 
tage, however, that a given numeral 5) would refer to quite 
diffeient annuli m somites of different degrees of elaboration *. 

While the determination of annulation is of the greatest im- 
poitance for systematic descriptions, the too exclusive dependence 
upon it for diagnostic purposes has of recent years proved a 
detriment rather than an aid to progress. By some recent students 
the anmilation, and especially the annulai structure of the com- 
plete somite, has been depended upon as almost the sole criteiion 
of generic diagnosis, to the nearly complete neglect of the internal 
anatomy. The lesult has been much confusion, an unnecessary 
multiplication of geneia, and unnatural groupings To put the 
Hirudmea upon a satisfactory taxonomic basis, it is important that 
the anatomy of all species not previously described should be 
placed upon record, and that the descnptions of all new species 
should include an account of the principal features of internal 
anatomy. Only bv the accumulation of this information and a 
complete monographic study of the group can a satisfactory 
arrangement of the genera be reached. 

* Since this was written, Oka (1925) has employed such a tei in inolog^, except 
that letters of the alphabet, instead of numeials, were used to designate the 
amiuh 
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TO THE 

RHYNCHOBDELL^. 

BY 

W. A. HARDING, M A., F L S. 


The Suborder Ehyncbobdellss comprises leeches which suck the 
blood and juices of their prey by means of a protruaible proboscis. 
It contains no terrestrial or carnivorous foims. Its members are 
strictly parasitic, and consist, without exception, of freshwater and 
maiine species, the latter being the only leeches known to inhabit 
the sea. 

The proboscis, which constitutes so important a characteristic 
of this group, IS an adaptation of the pharynx, which lias become 
highly muscular, free and protractile, and so capable of being 
thrust through the small oral opening in the leeches anterior 
sucker into the tissues of its host. 

Few Ehyuchobdellse aie large, and none reach the formidable 
pioportions attained by certain predaceous Ajpynchobdellas In 
the Indian region, where they are widely distributed, they are all, 
with the exception of a few marine species, of small size, ranging 
from about 6 mm. to 20 mm. in length, and on this account, com- 
bined with the fact that they are innocuous to mankind, they do 
not generally attract the attention of the ordmaiy observer 

The Suborder is divided into the three Families — Acantho- 
bdellidee (not represented m India), Ichthyobdellidas and G-lossi- 
phonidfis It must be noted, howevei, that opinion is not 
unanimous in regarding Acanthohdella ^eledina, the only repre- 
sentative of the first of these Families, as a leech Notwithstanding 
its alfinities with the Hirudiiiea, some aiUhorihes consider that 
its true position is with the Oligocboets. In the Ehynchobdellj© 
there is always a permanent, cup^iform or discoid posterior sucker, 
directed more or leas ventrallv and supported, as on a kind of 
pedicel, bv the tapering portion of the body lying immediately 
behind it. An anterior sucker of very similar form is nearly 
always found in the Ichthyobdellidse, but in a few members of this 
Family and m the Q-lossipliomdie this is of a different type.- 



14 




Here the hedd-region of the body preserves its annulation dorsally 
to its anterior end, and the sucker takes the form of a more or 
less spoon-shaped depression hollowed out of its ventral surface. 

The suckers, which are highly muscular, form powerful orgaus 
of attachment, and the extent of their development bears some 
relation to the activity of the liosts to winch they adhere. Suckers 
showing hut a moderate development are seen in the Grloasi- 
phonidffl, which prey for the most part upon hosts which are 
sluggish or only attacked when in a state of inactivity. The 
IchthyohdellidsB, however, are very largely paiasitic upon fish, 
and so need the large suckers developed at the extremities of the 
body in order to remain firmly fixed to their vigorous carriers. So 
strong IS the action of the anterior sucker of FontohdelJa that its 
projecting nm frequently leaves a deeplv-mdented circular sear 
upon the body of the host. 

The Hhynchobdellae exhibit considerable diversity of form, 
which IS most noticeable, however, m the Ichthyobdellidm. In 
this Family the body, which is nearly always elongate, may be 
cylindricnl, flattened or clavifoim, preserving either an unbroken 
outline or, on the other hand, being distinctly divided into a short 
anterior and a long posterior region It may present all grada- 
tions between a nearly smooth surface and one coveied by large 
and prominent warty tubeicles, and in the case of the two genera 
Ozobranchus and BrancJielhon it bears conspicuous lateral branclnoz 
or gills. Another ounous and not uncommon feature affecting, 
however, only temporarily the contour of the body consists in what 
are known as pulsating vesicles Tliese are small inflations of the 
skm, resembling hemispherical blisters, which rise and disappear 
rhythmically. They are due to a mechanism which will be referred 
to later, and occur metamerically in lateral pairs on the posterior 
iiwo-thiids of the body Pterobdella amara (Kabuiaki, 1921) 
affords an example of unusual configuration in an Indian species, 
the more or less cylindneal body being piovided with paired lateral 
processes bearing some resemblance to fins 

Compared with the IchthyobdelhdsB, the Glossiphonidm aie a 
much more homogeneous assemblage of leeches, and usually show"“ 
little variation from the typical flattened, ovate-acummate form. 

The RhynchobdellsB po'=:sesa a very wide range of hosts, and its 
members do not usually confine themselves to a particular species 
or even genus, hut are somewhat more catholic in their tastes. 
The Glossiphonid species Eelobdella stagnahs, for example, al- 
though parasitic chiefly upon aquatic Gasteropoda, is not averse to 
various other freshwater invertebrates , it will s^ick out the whole 
contents of aquatic larvse, and may have recourse, on occasion, to 
frogs, newts and injured fish The smallest Ehynchohdellm are 
able to pierce epithehal surfaces, and have been found (m Africa) 
in such diverse situations as the anus of an elephant, the month 
of a crocodile and the pouch of a pelican. 

The Ichthyobdelhdse^ ore parasitic chiefly upon marine and 
-freshwater fish, of which probably few species, from sharks, 
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flkates and rays to the smallest forms, are not actual or possible 
hosts. Marine and freshwater Ohelonia and sea-crabs are fre- 
<^uently attacked. Pantopodse and a species of Scleroci angon 
have also been recorded as victims. Certain hosts of the Glossi- 
phonidse have already been referred to. In addition to Q-asteropods 
Eud a large number of freshwater mvertebiates, including beetles 
(Dityscidas) and insect lansB, the members of this family have 
been found upon amphibia, aquatic birds and freshwater fish and 
erabs. 

Although the Eh 3 mchobdellfi 0 have not hitherto attained 
notoriety as dangerous parasites and do not, as already noted, 
•draw blood from Man, they deserve nevertheless close investigation 
with a view to ascertaining if they play any part in the traws- 
mission of diseases of economic importance. In this connection 
reference mav be made to the work of Miss Eobertson (1909, 
1910, 1911), who has established, for example, Ozoh anchus shtphyi 
as the intermediate host of a Hsemogregarme found in the blood 
of the lake-tortoise Nxcoria tnjuga in Ceylon, and sliown that 
B^emtolepsis marginata marginata and the European leech Ponio- 
hdeUa muncata transmit Trypanosomes to certain fish. 

Exthen^al Chaeaotbes. — Turning now to the consideration of 
external features, of which a knowledge, until comparatively 
recent times, was regarded as sufficient for the work of the 
eystematist, I find my task lightened by a chapter on the segmen- 
tation of the Hirudin ea, contributed to this volume by Prof. J. 
Percy Moore, whose name will always he remembered in con- 
nection with this subject, which he has developed still further in 
his introduction to the Arbynchobdellm, in these pages. It is un- 
necessary, therefore, to do more here than summarise briefly the 
more important facts connected with the external metamerism 

The body of a leech is always composed of thirly-four segments 
or somites, and inasmuch as tlie presence of a ganghon is the 
fiindameutal test of a somite, so there are thirty-four garnglia in 
the central nervous system. Of these, the circuiu-pharyngeal 
ganglionic mass contains six, and the posterior ganglionic mass 
contains seven fused ganglia, aud twenty-one free single ganglia 
lie in the ventral chain between them 

In the leech, again, the number of nngs or annuh exceeds the 
number of somites, and throughout the greater part of its length 
these nngs resolve themselves into a senes of regularly recuinng 
groups, corresponding to the successive somites of the body Each 
of these similar groups coutammg an equal number of nngs is 
termed in leech nomenclature a coirnplete somite, and this, in the 
Hbynchobdellffl, may include from two to fourteen nngs Towards 
the ends of the body the number of rings in a group becomes 
progressively smaller, forming what are regarded as reduced or 
incomplete somites, and at the anterior extremity one or more 
somites may be represented only by a single nng. 

The sensitive body of a leech is covered by mmute sense-organs, 
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but we need only concern ourselves here with the segmental sense- 
organs or sensillcB, These aie confined to the sensory ring of each 
somite, which in the middle part of the body overlies a ganglion 
of the ventral chain, and appeal in stnct series in definite longi- 
tudinal rows or lines. According to Livanow (1903) these lines 
occur on the dorsal and ventral surface in pairs with respect to a 
median line, and counting outwards from the median line, consist 
typically of (1) an inner and (2) an outer paramedian pair ; (3) an 
inf ei mediate pair , (4) an inner and (5) an outer paiamarginal (or 
suhmnrginal) pair ; and finally (6) of a marginal pair coinciding 
with the edges o± the body 

It must not be supposed, however, that sensillee are always 
present on these hues in every species. Generally the number of 
pairs IS reduced, and this reduction is noticeable m the Ehyncho- 
bdellsB The sensillse, which often appear as small white spots on 
the surface of the body, are frequently associated with colour- 
markings and more or less prominent cutaneous papillsB, and thus 
the sensory rings upon which they are borne axe m most cases 
easily recognised by the eye 

Whitman and many others regarded these conspicuous sensory 
rings as the first rings of the successive somites of the body. 
Although, however, this method of determining somite limits was 
convenient, it presented many difficulties which need not be dis- 
cussed here, and in 1900 Prof. J Percy Moore and Dr W, E, 
Castle, each working independently and upon different mateiial, 
suggested a new method of somite delimitation based upon the 
-nervous distribution, whicli they very properly legarded as of 
fundamental importance. 

Under this system, which is now generally accepted, each 
somite 18 innervated by the ventral ganglion it contains. The 
sensory ring lies m the middle of the tlirt?e- or fiye-ringed somite, 
and takes its place there as the primary ring from which the 
others have been derived by a piocess of growdjh and subdivision. 

Ihe sensillsB, which are retractile and provided with sensory 
hairs, in addition to functioning as tactile organs, appear to some 
extent to be sensitive to light On the dorsal surface of the head- 
region they are often specially developed and modified into eyes, 
which consist essentially of a nerve axis surrounded by visual 
cells, surmounted by an epithelial cap and embedded posteriorly 
ID a dense black piginent-cup, ivhich, when viewed from abo\e, is 
of more or less crescent-like form. Such organs can do no more 
than distinguish between light and dnilmess 

Eroin one to four pairs of eyes may be present in the Ehyncho- 
bdellee In a few cases, as in some species of Placohdella^ eyes 
which at first appear to be single are found on closer examination 
to be compound, and occasionally the typical number may he in- 
complete or even exceeded; nevertheless it cannot be denied that 
the eyes, both in number and arrangement, are of gieat diagnostic 
value. 

In addition to the number of imgs, the number and constitution 
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of the somites, complete and incomplete, the colour, markings, 
papillfe, eyes, vesicles, branchise, and the form of the body and its 
suckers, the openings m the body have still to be considered by 
the systematist. The position of the genital apertures in the 
ventr^ median line, and also that of the mouth-opening in the 
anterior sucker, are taxonomically of great importance, the 
situation of the anus in the dorsal posterior region is another 
useful diagnostic feature m the external topography, and the 
number and position of the nephridiophores upon the ventral 
surface, although otten obscured in preserved material, should if 
possible be ascertained The genital openings generally lie within 
the limits of the eleventh and twelfth somites, the male anterior 
to the female, ocoasioually a single slit-like pore encloses tbo 
apertures of both. 

The mouth-opening, through which the proboscis is protruded, 
usually lies well within the cup of the anterior sucker, but some- 
times it occurs at, or close to, its anterior extremity, thus leaving 
the interior face of the sucker imperforate. Ozohranchus and 
Paraelepsis afford examples of subterminal oral openings; a 
terminal opening is characteristic of Flacobdella, 

Bodi-Oavity oe Coelom: — The most notable and perplexing 
internal feature in the Ichthyobdeilid© and O-IossipbonidaB is 
the cmlom. In the nearest allies of the Hirudinea, namely the 
Oligochaeta, this consists of a fairly spacious body-cavity, divided 
mtersegmentally by septa and containing the viscera ; but among 
leeches this condition is seen only in the Sibenan species Acantho- 
hdella^ which forms a connecting-link between the two groups. 
In the rest of the EhynchobdellfiB the body-cavity is split up into 
a senes of longitudinal canals of varying size, connected by a 
complicated system of intercommunicating branches, which has 
been called the lacuna system. 

Apart from the lacuna system, which is filled by the coelomic 
fluid, or lymph, and entirely unconnected with it, there is present 
a vascular system containing colourless blood. 

In typical species of the Qlossiphomd®, Oka (1894) finds that 
the lacuna system comprises five longitudinal trunks, namely 
(1) a median lacuna, (2 and 3) a pair of lateral Jacunre, and 
(4 and 6) a pair of intermediate lacunm lying between them and 
connecting the median and lateral trunks by means of transverse 
lacunae. In addition to these, a system of hypodermal lacunae lie 
beneath the skin. 

The median lacuna^ which contains a senes of imperfect septa, 
traverses the body from the head-region to the anus, and where 
the stomach and intestine occur becomes divided into a dorsal and 
a ventral lacuna, the two being separated by the portion of the- 
alimentary tract referred to The narrow dorsal lacuna encloses 
the dorsal blood-vessel, and the larger ventral lacuna contains the 
ventral blood-vessel, the nerve-cord and part of the reproductive 
organs. 


0 
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Tht latefi'al lacunce lie at the margins o£ the body, and also 
extend from the head-region to the anus At both extiemities 
thev «re connected with the median lacuna and each other by 
means of a circular canal passing round the margins of the 
anterior and posterior suckers. These lacunes are not contractile 
dike the lateinl Incunee of the IchthyobdellidsB, and the ccelomic 
fluid in the Q-lossiphomdee probably owes its circulation partly to 
the movements of the animal and partly to the iiulsations of the 
•dorsal blood-vessel in the median lacuna. 

The tntermechate lacuncB extend from the sixth somite to the 
unus, and, together with the transverse Ircudsb, may be regarded 



Pjg. 2 — Schematic repreBentation of the lacuna system in the anterior part 
of the body of Qlos^pJw^na complanata (after Oka) m I , median lacuna, 
zl ^ Intel mediate lacuna; &l ^ lateral lacuna, do, vc, and sc, dorsal, 
ventral and lateral transvei se lacunes , dy, dorsal blood-vessel , vy, ventral 
blood-vessel 


merely as extensions of the median lacuua They are not simple 
trunks, but consist of a continuous network of canals, which 
occupy the spaces between the dorso-\ antral muscles, nepbndial 
cells and the connective tissue of the body 

The Tiypod&nnciL lacunce encircle the body immediately beneath the 
■skin, and communicate with the lateral and intermediate laciinse. 
T'rom one to four of these flue cauals may occur m each annulus, 
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and by bringing the ogbIoidic fluid so near to the extenor surface 
they assist in the process of respiration. 

In the IchthyobdellidfiD the lacuna system is much more vai’iable 
in plan than in the G-lossiphoindsB, and the lateral lacunae, which 
are rarely absent, ai'e strongly contractile, with poxxertul muscular 



^ig 3 — Sohematio representation of tlje lacuna system in the posterior part 
of Glomphmiia complanata (atler Oka) wi Z,, median lacuna, , inter- 
mediate lacuna , sZ, lateral lacuna, do^v,c and sc, dorsal, ventral and 
latenil ti ansverse lacunaj , rl , circulai lacuna in postei lor sucker Blood- 
vessels indicated by dotted shading 


walls. The system attains its highest degree of complexity iii 
those forms which, like Fisoicola geometra^ are provided with 
pulsating vesicles. 

In this species, which has been investigated by Johansson (1896) 
and Selenaky (1906), there is a median lacuna audpairs ot‘ lateral 
And intermediate kcunse, agreeing in the mam with the aa*range- 
ment seen in the Glossiphonidse The hypodermal lacunae are 
absent, but capillary vessels, having a similar function, occur m 
allied species In the middle of each of the first eleven somites 
(XIII-XXIII) posterior to the clitelluin theie is a pair ot lateial 
pulsating vesicles and a segmental lacuna running within the 
circular body in the toiin of an irregulnr ring. 

The vesicles lie m the body-wallbetween the skin and the muscle- 
dayeis, and ontside the lateral Jacunm, with which they are con- 
nected The segmental laLiuisB form a communication betv\ een the 
median and intermediate lacunae, and throw out on either side 
lateral branches which, again, communicate with the vesicles. 

The pulsating vesicles, wlncli m diastole arch up the conspicuous 
little hemispheres of skin ali*eady referred to, aie lendered con- 
tractile by leasou ot their muscular walls An incomplete 
musculai septum, formed by an invagination ot the outer wall, hes 
somewhat loosely witliiii each ^ealcle, and by flapping btiekwards 
-and forwards acts as a valve, alternately covering and uncovering 
the opening forming the vesicle’s lulet. In expansion, the ccelomic 
fluid 18 drawm into the vesicle from the lateiaJ branch of the seg- 
mental lacuna, and after passing over the septum is forced, during 
contraction, into the lateral lacuna. 
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Johansson (1898 &), working tor the most part upon material 
obtained in northern Europe, draws attention to three different 
types assumed by the lacuna system m the Ichthyobdellidsa. The 
first type, possessing pulsating vesicles, is that ]U8t described 
which, it must be noted, contains one genus, Pontohdella^ where 
these organs are not apparent exteiiially, being very small and 
unable to arch up the thick warty skin In the second type the^ 
lacuna system la considerablv reduced The pulsating vesicles 
and also the lower halves of the segmental lacunffl, have dis- 
appeared, leaving only the upper halves to connect the dorsal and 
lateral lacunse. Jolwinsson’s genus Ahranclius (unrecorded from. 
India) and, perhaps, Pisc^colci ccBca (Kaburaki), described in these- 
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Fig 4 — Schematic representation of the Inciiiia system m a somite in the- 
middle part of the body of Ptsc^icola (alter Selensky) Qiid , doieal lacuna ^ 
mv , ventral lacuna , I Ic , lateral lucuna , i /c , intermediate lacuna, shown 
on one side only , kd and kv , dorsal and ventral sections of segmental 
lacuna, ves , pulsating ^P81ole, ktr , canal connecting pulsating veaicle- 
witb lateral lacuna , Area?// , luleral canal running from segmental lacuna 
to vesicle 


pages, are representatives of this type In the thud type, 
exemplified by the genus PlaUjhdella (Malm, 1863) as amended by 
Johansson (1898 a), the cmiomic system is reduced still further, 
little more than the ventral part of the median lacuna being left. 

These types by no means include all the modifications exhibited 
by the lacuna system in the Ichthyobdelhdss, which still requires 
further investigation. Biidham (1916) describes a remarkable 
Austrahan member of this Family, Austrohdella, baling a pair of 
contractile marginal canals in place of pulsating vesicles 

In Ozohranolius^ Oka (1904) finds that the contractile lateral 
lacunsB give off to each of the branchiss a canal which breaks up 
into finer branches, of which two penetrate to the tip of every gill 
thread, where they unite with a similar single fine branch com- 
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muiiicating with the large and simple median lacuna. In diastole 
the lateral lacunsB draw the lymph through the inlet valves of the 
•branchial canals connected with them, and m systole disperse it 
through the rest of the ccelomic system. 

VasoxiIiAE Svstbm. — The true Blood-Vascular system consists 
essentially, in the Khynchobdellae, of a dorsal and a ventral vessel 
extending thiough the greater part of the body, and connected at 
each extiemity by a series of convoluted branches A section of 
the antenor part of the dortal vessel is provided with specially 
jnusoular walls, which render it contractile and so able to perform 
the functions of a heart or hearts. The dorsal vessel, further- 
more, almost always expands into, or is counected with, what has 
been termed an intestinal blood sinus, which more or less entirely 
■envelops the intestine and its diverticula. 

In many, it not in all cases, the peristaltic contractions of the 
muscular intestinal wall force the blood out of the intestinal sinus 
into the dorsal vessel, where, after passing through a senes of 
valves which prevent regurgitation, its forward flow receives fresh 
impetus on reaching the coiitiactile “ heart ” 

The vasculiii system hete broadly outlined is Bub]ect to con- 
siderable variation in detail. The intestinal blood smus in the 
Glossiphonidse is described by Oka (1894) as an expansion of the 
dorsal vessel, entirely surrounding and following the contour of 
the intestine and its diverticula. In Piscicola and some other 
Ichthyobdellid genera this is formed m part by a separation of 
the epithehal and muscular layers of the intestinal wall. In 
JBranchellion it takes very largely the form of a network of blood- 
vessels (Sukatschoff, 1912), and m Ozobranchus no proper smus 
exists at all. In this genus, Oka (1904) finds that the dorsal 
vessel lies over the intestine, and the diverticula of the latter, 
w Inch are very long and do not extend laterally, wind rouud the 
vessel so that it is in contact with the intestine on all sides This 
^lose contact, which is always maintained between the dorsal vessel 
and the intestinal wall, whether by a sinus or by other means, 
enables the blood to absoib from the intestine food products which 
later are imparted osmotically thiough the walls of the dorsal 
vessel to the lymph surrounding it in the median lacuna. 

Our knowledge ot the vascular si stem in Piscicola is due to 
Johansson (1896) and Selensky (1907), and the latter gives a good 
description of the thickened muscular walls of the dorsal vessel 
forming the “heai*t'^ in this species (see fig 6) These walls 
owe their contractility to the piesence of closely-placed muscular 
bands surrounding the vessel, and extend from the second pre- 
clitellar somite to the posterior extremity of the chtellum, where 
they end abruptly. It will be observed that the muscular layer 
extends for a short distance along each of the branches given off 
by the dorsal vessel In the O-loasiphonidaB, Oka (1894) describes 
a somewhat different arrangement, consisting of a senes of fifteen 
contractile chambers separated by valves, acting as hearts. 
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The anterior branches connecting the dorsal and ventral vessels 
consist nearly always o£ four pairs, together with an odd branch 
which supplies the proboscis. Postenorly the connecting brancnea 
spread out into paired loops in the posterior sucker. In some 
cases there are seven pairs ot such loops corresponding to the 
seven somites absorbed by the sucker, but the full number is not 
always present. 



5 — Schematic representation of the blood-vessels in the nutenw part 
of the body of Piscicola (after Selensky) Somitea numbered m Eoimm 
figures dors , dorsal vessel (the contractile portions are annulated) ; 
venir , ventral vessel, a and ft, ft^ branch vessels forming loops in the 
anterior sucker and connecting the extremities of the dorsal and the ventral 
vessel , c and d\ other branches connecting the same, the latter looping 
backwards as far as the olitellum , an unpaiied connecting branch 
supplying the proboscis, here shown for the sake of deal ness as external 
to the body 

It will be uTidei stood from wbat has been said that (1) in 
AMnthohdella there is a simple bodv-cavity and a closed vascular 
system, and that (2) m the Ichthyobdelhdte and Q-lossipbonidse the 
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closed vascular system has become supplemented by a secondary 
circulatory system developed from the coelom. These tw o systems 
are unconnected and, moreo\er, the blood flowing in the one and 
the lymph flowing m the other, although both almost colourless, 
bear no other resemblance to each other and react differently to 
stains. In the ArhynohohdellaB, it may be noted turther, the true 
vascular system has disappeared, and the lacuna system, containing 
red-coloured lymph, alone remains in a modified form. 

A.LiMiayTABY Tbaot. — The buccal orifice or mouth perforates 
the hollow ventral surface of the anterior sucker at some point in 
the middle line The diagnostic value ot the position of this 
orifice either within or upon the anterior rim of this oral ehamher, 
as it has been called, has already been noted m the description of 
external features The mouth opens into a deep stomodeeal cavity 
completely surrounding the pharyux, which takes the form of a 
cylindrical, bluntly-pointed piotrusible proboscis moving freely 
within it This cavity has received more than one interpretation, 
and has been variously termed the buccal sinus, peripharyngeal 
chamber, pharyngeal sac and pioboacis sheath. The 'piobosois 
sheath, as it will he called here, is lined by ectodermal epithelium, 
which is continuous with that of the proboscis and its lumen. 

The proboscis, which is controlled by retractor muscles lying 
behind it and protractor muscles situated m its sheath, is itself 
highly muscular and extensile, and in addition to its longitudinal 
musculature, possesses a system of radial nnd circular musclea 
which, by expanding and contracting its lumen, provide a meana 
of suckmg blood. The ducts of the unicellular sahvary glands,, 
which he outside the median lacuna and are often of very large 
Bi/e, enter the base of the proboscis and penetrate upwards to 
discharge their contents, some into its lumen and some at its 
extiemity. 

The ectodermal lining of the digestive tract ends with the base 
of the proboscis, which is immediately followed by the “ anterior 
endodermnl gut” of Sukatschoff (1912), lying in the clitellar 
region. This, which has sometimes been called the ceaophagus, 
receives in many cases tlie ducts of a pair of lateral cesopbageal 
glands It may be distended owing to the development ot paiied 
lateral diverticula, or it may be somewhat long and slender, when 
it oftpn undergoes a considerable amount of flexion during the 
retraction ^of the proboscis. This anterior endodermal gut is no 
more than an extension of the portion immediately following it, 
with which it 19 similar both m function and in structure, namely 
the long section of alimentary tract called by Sukatschofif the 
“ antenor thin- walled part of the middle gut,” and referred to m 
the followmg pages by its more fannliar names of crop or storiacK 

The chief function of the stomach is to act as a place of storage 
tor food, and its capacity is found to vary inversely with the 
diflBlculty expeneiK ed by the leech in finding a host. 
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The stomach 18 provided posteriorly with a capacious ejcteiision, 
which in the Ichthyobdellidee takes the form either (1) of a single 
csecum, (2) of a pair of cteca, or (3) of a c»cum partly divided by 
a series of median apeitures, representing a stage intermediate 
beti^een the other two. Johansson (1898 &), who first drew 
attention to the diagnostic value of these varying structures, 
regards the paired cseca seen m his genus Ab9'anchitSf and in 
Ozohranchus, as the primitive t 3 "pe from which the others have been 
derived by a process of fusion. The single csBcum or blind gut 
lies beneath the intestine, and is characteristic of Pontobdella and 
the intermediate type, where the paired ceaca are partly fused 
together, appears to be of the most frequent occurrence, and is 
seen m Branchelhon and Pisacola. In addition to the posterior 
csecuin or coeca there is a senes of antenor, metamencally disposed 
pairs of csBca or diverticnla, the several pairs occupying the middle 
part of successive somites. In BranJidhon and Callohdella the 
narrow portion of the gut lying between each pair of ceecii is 
provided with an annular muscle-band foiming a sphincter, and 
there is hbtle doubt that such sphincters, dividing the stomach 
into a aeries of chambers, occur m similar situations throughout 
the RbynchobdellfiB. 

In the O-lossiphonideB all the diverticula of the stomach are 
paired and often developed to a conspicuous degiee, th6 deeper 
indentations m the irregular but symmetrical form often assumed 
being due to the interference of the dorso-ventral muscles. 

The thin- walled crop or stomach opens through a sphincter into 
the tJiiesftne, the “ thick-walled, glandular section of the middle- 
gut ” of Sukatschoff (loc at ) This consists of a moderately wide, 
median, longitudmal tube, part of which may be ciliated, proiided 
generally with four pairs ot diverticula. It is here that the pro- 
cesses ot digestion and absorption take place. The relation of 
tins portion of the gut to the blood-stream has already been 
discussed. 

The intestine opens, again through a sphincter, mto the thin- 
w ailed hind ot uliicli the posterior part serves as a rectum and 
disciiai’ges its contents through the dorsal and median anus, 
situated nearly always within the limits of somites XXYI and 
XXYII. 

Gbn’bea.ttve Organs — Leeches are I lerm aphrodite. The re- 
productive system in the Ehynchobdellfis is ot great systematic 
importance, owing to the considerable diversitv in detail often 
presented by its several parts The male, like the temnle organs, 
are paired, with the exception of their common portions situated 
in the middle line. 

The male organs may he considered first. The testes aie dis- 
posed segmentally, and iii the post-clitellar legion he between the 
diverticula of the crop or stomach. The number of pairs of testes 
varies in different genera. Their cavities form parts of the original 
coelom, having arisen, like the ovaries, as proliferations of the 
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epithelium of the lateral ccBlomic cavities, and v\ithm them, the 
process of spermato-genesis takes place. Each testis, or testicular 
sac, communicates by a short vas efferens with the vas deterens of 
its own side, and this, at some point not far in advance of the first 
pair of testes, leaves the tissues through which it has hitherto 
passed, and expands into an ejaculatory canal with muscular 
walls, often swollen and contorted, lying free in the ventral 
lacuna. Here the terminal portions of each canal turn inwards to 
form a median common part or prostate chamber, followed by 
an ectodermal invagination, referred to below, ending m the male 
orifice 

The posterior part ot the ejaculatoiy canal, generally much 
coiled and separated from the terminal part by a constriction, con- 
stitutes an epididymis or sperm-reservoir where the spermatozoa, 
swept into it from the ciliated lumen of the vas deferens, become 
cemented together m compact bundles, and aie stored for future 
use. The ejaculatory canals may be modified in several ways. 
The sperm-reservoirs may be reduced, or m certain cases absent. 
In Qlossiphoma heterochta (fig. 23, p. 61) these canals assume 
what may be regarded as their typical form. In Qloasiphonia 
complanata (fig. 22, p 69) the greater part of each canal is 
somewhat slender, and takes the form of a long and sinuous loop 
extending backwards in the median ventral lacuna as far as the 
twentieth somite. 

The spermatozoa are packed in spermatophores for conveyance 
from one individual to another. These little structures, which 
have an outer chitinous envelope, consist usually of two more or 
less adherent, often club-shaped tubes containing sperm-bundles, 
tapering anteriorly to a blunt point and united below by a pedicel 
traversed by canals leadmg from each tube to the exterior. The 
foot, with its adhesive basal disc, is formed in the median, common, 
unpaired part of the mole organs, or prostate chamber, and each 
of the paired terminal portions of the ejaculatory ducts, often 
called the prostate cornua, contributes one of the two tubes 
(Whitman, 1890; Brumpt, 1900). The sperraatopliore, when 
first produced, is nearly white, and inav be seen readily by the 
naked eye. That of Qlossiphoma complanata (fig. 6) ranges from 
about 6 to 8 mm in length, but spermatophores ot cousideiably 
smaller size are not infrequent and laiger dimensions are sometimes 
attained. 

The terminal part oE the male organs usmillv takes the form of 
a small eversible bursa In Ozobranchus, however, where the re- 
productive system presents featuies probably unique among the 
Hirudmea, Oka (1904) notes the occurrence of a tri’e copulatory 
•organ recalling the penis tound in the HirudiilsB. The bursa, 
which IS subject to a good deal ot modification, is generally rudi- 
mentary in the O-loBsiphonidsB, consisting of little more than a 
small papilla pierced by the mule pore An exception to this is 
seen in Tkeromyzon {Protodepsis) tessellata, where the bursa is 
fairly large and has been observed to transfer spermatophores of 
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a reduced and simplified form from one individual to the female 
aperUire of another (Braudes, 1900 ; Brumpt, 1900). 

But although the well-developed bursa occasionally provides a 
means of copulation, fertilization, which may be reciprocal, is 
effected m the Bhynchobdellae chiefly by hypodermic impregnation. 
This curious process consists (1) in the implantation by one leech 
of a sperraatophore upon the body of another leech when (2) the 
contents of the spermatophore penetrate into the tissues of this 
other leech, and make their way to the ovarian sacs, where fertili- 
zation takes place. In the ^lossiphonidm the spermatophore 
probably proves effective if attached to almost any pait of the 



Fig 6 — S|iei*matopbore of G-lomphoma coTiiplanata^ greatly enlarged (after 
Briirapt) Sp , portion containing bundles of spermatozoa, sg , granular 
secretion foiming a temporary plug in t)ie oan^ leadmg to tbe exterior 
through the pedicle pb 


body which happens to be accessible; its deposition, however, in 
many cases is made in the clitellar region. In most of the 
Ichfrhyobdelhd©, on the other hand, the spermatophore must be 
placed m a very restricted zona on the ventral siiiface, often 
differentiated into a cojpulatory area situated eithei close to the 
genital orifices or in some cases within the male atrium itself, 
when, occasionally, it may be brought to the extenor with the 
evaginated bursa. Beneath this aiea there lies geneially the so- 
called conductive tissue (tissu vecteur) of Brumpt, serving as a 
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passage through v^hleh the spermatozoa travel to their destin- 
ation. 

The female reproductive organs consist of a pair of more or less 
elongated coelomic sacs — the ovisacs — and these, which contain 
the true ovnnes, unite antenorlv to form a common muscular 
oviduct opening to the exterior by the female pore The ovisacs 
dunng the breeding-season increase in length, and become much 
distended by the egg-atrings developing vrithiii them, and in the 
case of the Glossiphomdse and certain IchthyohdellidsB he free in 
the ventral lacuna. 

In many IchthyobdeUidae, howevei, the ovisacs form ndherences< 
either directly, oi through the medium of conductive tissue, vilh 



Eig 7 — Ventral surface of chtellar region of Tisoicola geomeUa^ showing 
copulatory ai ea provided w itli a longitudinal groove x (after Brumpt).. 


parts of the body- wall often marked exteriorly by a copulatory 
area of the kind to which reference has been made This con- 
ductive tissue, which has sometimes been misinterpreted, vanes 
very greatlv in development and distribution, appearing in some 
cases as a fairly compact mass, and iii others being i educed to a 
pair of bridle-like strands (fig 8). It consists ot a form of 
connective tissue ansing as an outgrowth from the walls of the 
ovisacs, according to Brumpt (1901), who first drew attention to 
its ‘special function, and to whose compiehensive work the leader 
is referred. The exceptional character of the male reproductive 
organs of Ozohranchiis has already been mentioned The female 
organs described by Oka (1904) m this genus are e\eii more 
peculiar Here there are two female apertuiea, that serving for 
fertilization being situated within the male atrial chamber and 
having no connection with tiie external iemale pore reserved for 
the deposition of eggs. 
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The eggs, in Osiobranckus^ are embedded m a single layer in a 
cbitinouB sheet spread upon the plastron of the tortoise serving as 
a host (Plate II, fig. 5), but in most of the Ichthyobdellidm they 
are enclosed m cocoons or egg-cases, winch are attached to some 
submerged foreign body These cocoons vary a good deal in form 
jind size, but they are all made upon the same general plan 



Fig 8 — R^i'oductive organs of Pisoicoht gcatnetra, sbowing conductive tissue 
(after Brumpt) t , testis, ce , ejaculatory canal, p , its terminal poition , 
gl a , glands coiiiDiunicaLing witb the terminal poition of the ejaculatory 
canal and secreting tlie walls of the sperraatophore (these glands m most 
species lie m the walls of the terminal poition), tc ^ mass of conductive 
tissue undei lying the oopulatory area, cc, its paired connections vith 
the ovisacs ov cn , ventral neive cord with ganglia 


Short/ly before a leech is leady to lay, it makes itself fast by its 
two suckers to some convenient object, and the clitellum becomes 
covered with a chitmous layer secreted by glands situated within 
its walls and destined to form the future cocoon. At first this 
layer is nearly white and somewhat viscous, but it gradually 
hardens and eventually assumes a more or less deep broun colour. 
The leech has now to withdraw the anterior part of its body 
through this cyhndrical layer, having first discharged its eggs 
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Within it and caused it, by pressure, to adhere to the object upon 
which it rests Swelling itself against the posterior extremity of 
its chitiDous belt and dragging in the antenoi extremity with it 
as it retires, this structure becomes invaginated until its two ends 
meet, thus preserving its contents from contamination by contact 
with the body passing through it. As soon as the cocoon is left 
free it evagmatea itself, and its extremities close up, leaving a 
small operculum through which, when hatched, the young leeches 
issue into the surrounding water 
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Fig 9 — a end view, and h aide view of cocoon of PontohdeUa muncata^ 
greatly enlarged , c, cocoon of Pimicola geometra, enlarged (after Harding).. 

In the Q-lossiphonidie the typical egg-case is made in much tlie 
same way as the Ichthyobdellid cocoon. It differs fiom the latter,, 
however, (1) in being a very thm and transparent membranous 
sac, and not a horny structure, and (2) m being attached to the 
ventral surface of the body from whicli it arose A leech hearing 
more than one of these bulky and easily detachable sacs remains^ 
as far as possible, in one place, a circumstance which has led to 
the supposition that the. Glossiphomdas brood over their eggs.. 
The young leeches for some time after they are batched adhere by 
their posterior suckers in heavy clusters to the ventral surface ot 
the parent, who often directs the sides oi her body downwards in 
order to afford additional protection and carries her biood to their 
first host. Instances are known of a dorsal gland secreting an 
adhesive substance whereby the young leech in its early stages is 
fixed to its parent. The dorsal chitinous plate conspicuous in 
Helohdella stagnahs is the remnant ot such an attachment gland 

We have now given a brief sketch of the more important 
features, both external and internal, of systematic importance in 
the EhynchobdellsB, without attempting, however, to enter into 
histological detail or to deal comprehensively with the morphology 
of the group. Johansson (18986) first called the attention of 
the systematist to the uephridia, and their diagnostic value, 
particularly m the case of the Ichthyobdellidas, is becoming better 
appieciated. Our knowledge ot many known species of Ehyn- 
chobdellae, it may be observed, leaves much to be desired, and there- 
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can be little doubt that further species awaab discovery and iu- 
vestigation. 

Methods op PEESBRA'’ATi()ir and Study — The remarks upon 
the proper teebuique to be employed m the preservation and study 
o£ the ArhynchobdellBB mode b7 Prof. Moore in this volume 
(pp 117-120) apply equally well to the sub-order under cou- 
aideiation Leeches are particularly difficult to preserve with 
their diagnostic features intact, and the greatest care should be 
exercisetl in their treatment after capture. Too often the well- 
inenniiig collector drops these sensitive worms alive into a 
preseivative fluid frequently of unknown strength, with the 
result that they reach their destination in a condition which defies 
examination. The collector should endeavour to preserve his 
•captives alive until he has leisure to examine them in their 
natural element, if necesstirv with the aid of a lens. Careful 
notes should then be made upon coloration, pattern, form, size, 
behaviour and any other points which attract the attention of 
the observer Such notes, foi warded with the matenal concerned, 
•often prove of great value. 

Leeches invariablv should be anaesthetized before being placed 
m the preservative fluid This is most readily effected in all but 
the laiger Ehynchobdellse by immersion in water impregnated 
with carbon dioxide, obtainable nearly everywhere in the form of 
the beverage, soda-water Por the amateur 70 per cent alcohol is 
the safest preservative to use; where possible, however, both 
alcohol or the still bettei preservative formalin should be applied 
as directed by Professor Moore. 


Ill conclusion, I am greatlv indebted to the late Dr Aimandale 
•sometime Director of the Indian Zoological Survey, not only for 
the large amount of material placed m my hands, but also for 
valuable information upon the coloration aud habits of many 
species, often supplemented by water-colour drawings of the 
living leech made bv Mr. Ohowdhary of the Indian Museum. I 
have leceived useful material and information from Miss Muriel 
Eobertson, Prof Clifford Dobell, P E S , Dr Guy A. K Marshall, 
•C.M.G , Dr EAbiiraki, and also from Prof Percy Moore, who, in 
addition to other courl-esies, assisted me in connexion with 
Placobdella ceylamca, a species which owes its proper determination 
more to him than to me My thanks are also due to Pi of 
G. H. P Nuttall, P.ES., for permission to leproduce fioin 
* Parasitology' drawings of the cocoons of FontobdeJla and Piscicola 
(p 29) and of Helohdella stagnahs (fig. 27, p. 69) ; and also to 
Major E. B Seymour Sewell, I M.S , the present Director of the 
Zoological Survey of India, who has added mateiially to the value 
of these pages by lending the blocks of the vanous figures here 
reprinted from the ‘Memoirs’ and ‘ Eecoids * of the Indian 
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Museum. These acknowledc;ment8 would be mcomplete without 
reference to the courtesy of Prof. J. Stanley Gfardiner, P.E.S., who 
allowed me to make full use of the Cambndge Zoological Labora- 
tory, where much of this work has been carried out; and also 
to the kind assistance of Sir Aithur Shipley, G- B.B., !P.E.S., the 
editor of this volume, to whom my special thanks are due for much 
valuable criticism and advice. 


Cambridge, May 17th, 1926. 
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HIRUDINEA. 

Vermiform hermaphrodite Chastopoda provided with a sucker at 
both extremities, with median genital openings, without parapodia 
aud rareh^ with branchise. With the exception of Acanthobdella^ 
there are no setae and the coelom is broken up into a system of 
mter-commumcntiDg spaces. 

The systematic position of Acanihohdtlla has been referied to 
in the Introduction. 

The Hirudmea aie divided into the two suborders, Ehyncho- 
bdellae and Arliynchobdellae. 


Suborder RHYNOHOBDELLJE. 

Marine and freshwater Hirudmea with colourless blood, with 
AU exsertile proboscis, without jaws. The mouth is a sinnll median 
apertuie situated within the anterior sucker, or rarely upon its 
jinterior rmi. 


Family ICHTHYOBDELLID^. 

Body cylmdrical or flattened, often divided into two distinct 
4in tenor and posterior regions, and sometimes with paired lateral 
branchiae and pulsating vesicles. The anterior sucker is generally, 
and the postenor sucker is always, a permanent cupuliform or 
discoid organ distinct Irom the body. Eggs either included in 
chitinous capsules, which are attached to foreign objects, or 
►cemented to the body of the host. Marine and freshwater forms, 
largely parasitic upon fish. 

In the case of Ichthyobdellidm having the body divided into two 
regions, the anterioi region includes the clitellum with the genital 
orifices, aud the whole or part of somite XIII always forms the 
beginning ot tlie posterior region The anterior portion is conve- 
niently termed the neck, and the postenor region is, similarly, 
called the trunk or abdomen The somewhat heterogeneous 
4 issemblage of leeches contained in this Family obviously requires 
subdivision, and vaiious attempts to split it up have already been 
made That none ot these attempts has proved entirely satisfac- 
tory gives no cause foi surprise, since it is now^ generally accepted 
i;hat external features alone cannot often be relied upon for 
jiui poses ot classification, and our knowledge of the internal 
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morphology of the IchthyobdellidaB leaves much to be desired. 
This knowledge necessarily must be slowly acquired, for the 
members of tins Eamily are notoriously difficult to preserve in a 
satisfactory state, and the marine species, usually found in un- 
expected places and under unfavourable conditions, raiely fall 
alive into competent hands. 


Q-enus OZOBEiAKCKUS, de Quatrefages, 1862. 

OzobranchuSj de Quatrefages, 1862, p. 326 

JEkibi anohelUif Baird, 1860, p. 311 

fP) Lophobdella, Poiner et de Rochebruue, 1884, p. 1697 

I*6eudohra7iohellionj Apfi-thy, 1890, pp 110 and 122. 

Marine and freshwater Hhynohobdellss parasitic for the most 
part upon turtles and tortoises. Body more or less flattened and 
divided into two distinct regions, a short, narrow, anterior 
“neck” and a large broad posterior portion or “abdomen.” 
Posterior region with paired, lateral digitate branchies ; without 
pulsating vesicles. One pair of eyes. The complete somite is 
bianuulate anteriorly, but may become triannulate m the posterior 
region. Eggs cemented to the body of the host. Oral opening 
suhterminal, 

1. Ozobranchus shipleyi, Harding, 1909. (Plate II, figs 4, 6, 6 
and fig. 10 ) 

Ozohianchua ahtpleyi^ Harding, 1909, p 238, 

Ozohi anchusjantseanua, Kaburaki, 1921 d, p. 681 (not Oka, 1912). 
Ozoh anchus papiUatus^ Kaburaki, 19216, p 092 

The first brief description which I gave of this species was- 
based upon some small individuals taken tiom the terrapin, 
Nicoria trvpiga^ in Ceylon by !Misb Eobertson (o' v, 1910). These 
were not in a favours ble condition for the exainmatioii oj: 
external features, and I stated at the time that the complete 
somite was formed of three rings. A careful re-examination of 
the onginal leeches and their comparison with fresh material has- 
convinced me that the complete somite is really biaimulate, 
consisting, in the neck, of two rings of almost equal size, and in 
the posteiior region of a broad iing followed by a narrow one. 
The broad ring, however, on the abdominal dorsal surface ofteu 
shows signs of transverse subdivision, but this is not earned far 
enough to resolve it into two distmct rings and so constitute a 
tiue triannulate somite. 

BtBCTyption ^ — Body flattened and translucent; the posterior 
region with eleven pairs of lateral digitate branchiae, a pair 
occurring on the antenor nng in each of the somites XIIl-XXIII 

The mouth opens in the anterior sucker in a subterminal 
position. Posterior sucker large, circular, centrally attached and 
about equal m width to the broadest part of the body (excluding 
the branchiae). 

According to the late Dr. Annandale, to whom 1 am indebted for 
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venbrat dorsal 



]Pig 10.— Ozobranchus nhiplei/i, Harding, 1909 Diagram showing dorsal and 
part of the ventral auiface Somites numbered m Eoman, and nngs m 
ordinary figures mth Mouth Anus br 1, &r 11 !Firat and 

eleventh pairs of branchioa (Tlie branohice are shown fully on one side 
only, for the sake of clearness ) tu Tubeioles 
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notes on the appearance and habits of this species during life, the- 
whole dorsal surface is dull yellow, delicately varied, especially at 
the margins, with dark green. Posterior sucker minutely speckled 
with the same green ; branchios colourless and almost transparent.. 

Eings 49. The second and the forty-ninth rings show signs of 
subdivision, but are here regarded as single rings. 

Complete somite formed of two rings, the anterior one being 
distinguished by a series of 10-12 papiflas of varying size situated 
on the dorsal smface. In the “ neck ” region these two rings are 
moie or Jess ot equal width, but in the posteiior region, beginning 
with somite XIII, the anterior ring is conspicuously larger than 
the one behind it. The branchise, when present, spring troni the 
lateral extremities of this broad ring, which, ns m the case of Oka's 
leech, OzohranchuB jantseanus^ lepresents rings 1 + 2 of a triannulate 
somite. This interence is emphasised by the fact that the papillss- 
present upon this ring occupy its posterior part, and are often, but 
not always, separated from its anterior part by a shallow trans- 
verse groove, as noted above. 

Somites I-in are represented by the first two rings. 

The twenty- three somites IV-XX'NT! are complete with two 
rings Somite XXVII la uninnnulate. 

The single pair of eyes lie in ring 5 (the first ring of somite V)* 

The male and female genital ducts open by a common pore 
between the two rings (19 and 20) of somite XII The repro- 
ductive organs aie of the complicated type characteristic ot the 
genus. There are four pairs of teste-a, occupying somites XVI- 
XIX The small, spherical but somewhat flattened eggs have a 
tough shell provided with a minute circular aperture closed by a 
lid, which IS broken through by the young leech when it emerges. 
These are laid close together in large groups on the carapace or 
plastron of the host, partly embedded in a layer of chitmous 
cement, which may be stripped in small sheets from the host’s 
body The anus opens in the anterior part of the Inst ring. 

The long tubulai crop, or stomach, increases in size posteriorly, 
and in somite XIX throws out two large lateral caeca, directed 
posteriorly, hetw een which he the intestine and rectum. The four 
pairs of mtestinal caeca are not spread out laterally, but lie closely 
packed together in a longitudinal bundle, confined, as Oka (1904) 
has explained, within the median lacuna 

A typical branchia consists of a short, thick, circular, more or 
less annulated and sometimes bluutly-branched stalk with long 
vermiform unbranehed appendages issuing from its distal end. 
The branchiae are kept m constant slow motion when the living 
leech IB at rest as though the thumb and fingers of a hand were 
continually being slowly opposed to one another and as slowly 
withdrawn ” (Annandale), 

Dimensions — Length, in alcohol, up to about 26 mm , greatest 
width, not including the branchiae, about 6 mm. Larger dimen- 
sions probablv are attained. The Indian individuals were 
generally much larger than those from Ceylon, but this seemed 
insuflScient evidence for regarding them as a separate species. 
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Hosts and Habitat. — This species has been found onNicoria i/rijugar 
Sohweigg, in Ceylon. Indian 6];amples liave been taken from 
Kachuga xnt&rmedia^ Blanf., collected in the H. Mahanaddi^ 
Sambalpnr, Orissa ; from JT. smtthii^ Gray, in the E. Eavi, Lahore ; 
and from a single specimen of K. dhongoJca, Gray. The last- 
mentioned tortoise onginally came from the E. Ganges, but -was 
in captivity in the Zoological Gardens, Calcutta, when the leeches 
were taken from it. They were adhering tightly, in a sohd mass^ 
to the plastron, and were difficult to remove. 


Genus PONTOBDELLA, Leach, 1816. 

Albtonej Savigny, 1822 

Marine leeches without eyes, pulsating vesicles or branchiser 
Body more or less clavitorm and covered by conspicuous tubercles,, 
often very large and forming prominent warty protuberances. 
Crop (or stomach) with a single undivided csscum. Complete 
somite composed of three and sometimes of four rings. Parasitic 
on fish, and chiefiy afiectiiig sharks, skates and rays. 

Of the three species here described, two have the complete 
somite composed of three iings , in the third species, however, 
this IS composed of four rings Two species, again, have the 
typical clavitorm outline , P, macrothela^ on the other hand, differs 
from them entirely in the form of the body. Although the 
number of rings of whicli the complete somite is composed is of 
great diagnostic importance, the genus Pontohdellais here regarded, 
provisionally at least, as being unique in possessing a variable 
complete somite. It may, peihaps, become necessary at some 
future time to re-arrnnge the various species now referred to this 
genus, when a clearer knowledge of their internal morphology has 
been obtained. It was not deemed advisable, however, to procure 
such knowledge, in the case of the three species dealt with here» 
by sacrificing the scanty and valuable matemil available. In any 
case, the striking difference in body-form shown by P. macrothela 
seems sufficient to justify its inclusion m a subgenus, which has 
here been named Poniobdelltna. 

2. Pontobdella lonoata, Harding, 1924. (Plate II, fig. 3 ; and 
fig. 11.) 

Descriphon. — Body fusiform and of a uniform greyish-green 
colour m alcohol, unrelieved by special markings. Anterior 
sucker ciioular, cupuliform, excentncally attached, with three 
pairs of inconspicuous submarginal papdlse and with corrugated 
edges capable of being folded together so as to form a ventral^ 
median, longitudinal slit. It compnses the first four somites and 
the greater part of the fifth. 

Posterior sucker ciicular, cen trail v attached, with corrugated 
edges, not wider than the anterior sucker or the greatest width of 
the body. 
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IS^g, 11 —Poniobdelh loncata, Haiding, 1924 (After Harding) Diagram 
ehowuig external features of the dorsal surface. Somites numbered m 
Homan, and rings an ordniai-y figures an Anus 
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Eiings, 62 behind the anterior sucker. Complete somite formed 
of three annuli, consisting of a broud middle ring (lodging a 
ganglion of the ventral chmn) situated between two smaller rings 
of equal width. 

Somites VII-XI and XIII-XXIV complete with three rings ; 
XTI, XXV, XKVI and XXVII biannulate. 

The conspicuous clitellum comprises the seven rmgs lying 
between the broad nnddle annuh of somites X and XIII. Portions 
ot a nng may be detected between the 18th and 19th annuh. This 
appears to represent the first annulus of somite XII (here regarded 
as missing), but should an examination of further material prove 
it to be a constant feature, it might well be included in an 
enumeration of the aunuli, thus bringing the total number of rings 
to 63 and rendering somite XII triannulate. 

The warts or tubercles upon the rings vary a good deal m 
number, size and position, so that it is only possible, by bti iking 
an average, to arrive at what may be considered to be a norm^ 
arrangement. This normal arrangement, shown, as far as the dorsal 
surface is concerned, in fig 11, may be described as follows ; — 

The broad middle ring of the somite bears on its whole circum- 
ference eight large conical tubercles, four above and four below. 
The exterior doisal warts are submarginal, so that their points 
appear in a ventral view. The narrow rings on either side of the 
middle one each bear a total of fourteen tubercles, a pair of marginal 
tubercles being present in addition to six above and six below. 

The warts here described may be occasionally missing or out of 
their normal position, and other tubercles, generally of small size, 
may be interposed between them. On the ventral surface of the 
middle ring of the somite a small tubercle often occurs between 
the middle pair of warts. The mouth-opening occupies a nearly 
central position within the anterior sucker. 

The male genital orifice lies between rings 17 and 18, that is, 
between the second and third rings of somite XI; the female 
opening appears between rings 19 and 20, in the middle of somite 
XII. Crop (or stomach) with a sacculated, single, undivided 
csecum. 

The anus opens between rings 69 and 60, m the middle of 
somite XXVI, and so is separated by three annuli from the 
posterior sucker. 

Dimensions , — Approximate total length, in alcohol, 74 mm, ; 
approximate gieatest width 7 mm. 

Bost and Habitat , — The host is not recorded, and the example 
here described is noted as having been taken at station 233, 
Marine Survey of India. 

3. Pontobdella aculeata, Haiding, 1924. (Figs. 12 & 13 ) 

Description , — Body fusiform, much attenuated antenorly, more 
or less circular in transverse section. One of the two individuals 
•examined, in alcohol, had assumed a uniform dull grey hue devoid 
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Fig \2-~Pontobdella amUeata, Harding, 1924 (A.fter Harding ) Dingram 
showing external features on the left of the dorsal, and on the right 
of part of the ventral surface Somitesnumbered in Eoman, and nnga 
in ordinary pa Pignient spots, mth Mouth-opening an 

Anus np Nephndioporea { on ventral surface) 
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of special markings , the other was of a reddisli -brown oolour with 
a dorsal pair of dark brown linear spots on the sensorjnng of each 
somite. These spots appeared to recur metamerically throughout 
the body, but were difficult to detect owing to the imperfect pre- 
servation ot the material. 

Anterior sucker small, circular, without papiUse, having corru- 
gated edges tending to close together m a transverse line and 
absorbing somites I-IV and the whole, or the greater part, of 
somite V, 

Posterior sucker smaller than the anterior; with corrugated 
edges, circular and centrally attached. 

Emgs, 76 behind the anterior sucker Complete somite formed 
of four annuli of nearly equal width The third of these, con- 
spicuous on account of its larger marginal papillee, is here regarded 
as the primary ring of the somite, although it does not entirely 



Pig 13 — Pontohddla acfideata^ Harding, 1924. Dorsal aspect, life size 

cover a ganglion of the ventral chain. The ventral gangha, 
throughout the greater part of the body, lie almost exactly 
between this third ring and the one antenor to it. The ring in 
question, however, takes its proper position iii the middle of the 
trianiiulate somites piesent. 

Somites IX, X and XIII-XXIV complete with four annuli 
Vir, VIII, XI and XII triaimulate; XXV biaimulate, XXVI 
and XXVI 1 umannulate. 

The clitelluin is not conspicuous, and appeals to comprise the 
seven rings 17-23. The arrangement of the warty tubercles on 
the body, shown m fig. 12, may be summarized as follows, — 

(1) Each annulus bears two lateral tubercles, which, as already 
stated, aie larger ou the primary than on the other annuli of the 
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•somite These tubercles form two conspicuous rows lying along 
the margins of the body. 

(2) Dorsally, the first and third rings of the complete somite 
bear a paramedian pair, and the second and fourth rings a para- 
anargmal pair of tubercles together with a median one, so that, 
throughout the greater part of the body, the tubercles on the 
upper surface are disposed alternately in twos and threes, forming 

symmetrical pattern. 

(3) On the otherwise bare ventral surface of each ling is a 
pararaarginal pair of prominent tubeicles These tubercles coii- 
■etitute two conspicuous ventral rows, which form a characteristic 
feature of the species. 

The mouth opens in a nearly central position within the anterior 
•sucker. 

The male genital pore is situated between rings 19 and 20, the 
second and thiid rings respectively of somite XI the female 
opening lies between rings 22 and 23, that is, between the second 
*nd third rings of somite XII. 

The crop has a single undivided csBCum, and the anus perforates 
the seventy-fourth or penultimate ring The nephndiopores opeu 
in a paramargmal position in the second ring of the complete 
somite Thirteen pairs of these pores weie observed, but the 
■examination of fre^sh material will be necessary before their full 
number con be determined, 

Dtmensioyis , — Approximate size, m alcohol, of the larger example, 
total length” 64 mm., greatest width 8 min. ; of the smaller, total 
length 36 mm., greatest width (gorged with blood) 6 mm 

E^osts and Hahitat — {a) Pound on Earjpodon Tiehereus, Estuary 
►of the Basstin River, Burma (Marine Survey of India) (b) Erom 
the Gregory Isles, Mergui Archipelago, Burma (Marine Survey of 
India). 

The teleostean fish Ectrpoclon nehereus. Ham. Buch , when 
properly salted and dried, forms the table delicacy known as 
Bombay-duck. . . “It is not known to occur at auy great depth, 
and is not even restricted to the sea, being veiy abundant in the 
rivers and estuaries of Bengal aud Burma (G. A. Boulenger, 
1904, p. 613). 


PONTOBDELLINA, subgen, nov. 

Marine leeches having the characters of Pontohdella^ with the 
exception of the form ot the body, which is sharply divided into 
two regions — a slender anterior “ neck ” and a broad, posterior 
•“abdominal” region. 

See note on the genus Poniohdella, 
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4. Pontobdella (subgen. Pontobdellina) maorotliela, Schmarda, 
1861 (PJate II, fig. 8 , jmd figs. 14 & 15.) 

(P) Kn'udo indica^ Lannfieufi, 1767, p 1079. 

(?) Alhione indica, Moquin-Tandon, ]826, p 130 
(?) FontohdeUa indica^ de Blainville, 1827, p 243. 

(?) Pontdbdella depressa, Kr0vei (see Diesiug), 1860, p 438. 
FontohdeUa macrotkela, Schmarda, 1861, p. 6, Taf. xvi, K Blanchard, 
1897, p 80, Goddaid, 1909, p 721. 

The FontohdeUa dejpressa of Kr0yer appears to be synonymous 
with P, macroihela^ but its description is insufficient to place its 
identity beyond dispute. According to the communication made 
to Diesing by Kr^yer, his leech was found in West Indian waters, 
and had an ashy-yellow, flattened body with flattened and deeply 
furrowed warts. Regarding the Eirudo %nd\ca of Linnaeus, 
another species of FontohdeUa described as being flattened 



Fig 14 — JPcnitohddla (Biibgen Fontohdellina) maoiothda^ Sobmarda, 1861 
Boi sol aspect, life Mize 

(cZepmsa), we can do no more than remark that it seems to bear 
a greater resemblance to P. maoroUiela than to the other Indian 
species of FontohdeUa so far recorded 

Descnjption . — Body much flattened and divided into two very 
distinct regions a short slender “neck” and a long, bulky 
“abdominal” region comprising somites XIII-XXVII. Dorsal 
surface with a longitudinal median groove, conspicuous on the 
posterior region 

The colour vanes from yellowish-brown to dark green. The 
example from India was, according to the collector’s note, in hfe, 
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Pig, 16 . — FoivtMella (snbgeo Vontohddlviid) mcuirothela^ Sobmarda, 1861. 
Diagram showing external features on the left of the dorsal and on the* 
right of part of the ventral surface Somites numbered in Eoman and 
rings m ordinary figures, an Anus. 
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dark green. Tina had faded in alcohol to a pale greemsh-biovm 
hue, and the body was umcoiorous, save for two dorsal, dark 
brown spots on the anterior suclrer above the junctaon with the 
•“ neck,” symmetrically placed one ou either side of the median 
line. Both Schmarda and G-oddard state the colour to be yellowish- 
brown : the former gives no indication of body-markings m text 
or figure, and the latter definitelv notes their absence. 

Anterior sucker slightly oval, having its long axis parallel to the 
annuli of the body ; about half the width of the broadest part of 
the body ; with six small, conical, submarginal, dorsal tubercles, 
and showing signs of annulation dorsally above the junction with 
the “ neck,” It appears to comprise the first five somites. 

Posterior sucker large and oval, with its long axis lying along 
the middle line; about equal in width to the broadest part of the 
body. 

Annuli 60; the first annulus to encircle the body completely, 
being the anterior ring of somite VI. Rings 68, 69 aud 60 
without warts, but deeply scored by iriegulor transverse furiows 
tending to render obscure the interannular grooves. Complete 
■somite formed of three annuli, a broad one situated between two 
narrow ones. In typical somites the narrow annuh are of equal 
width aud about half the width of the middle one. 

Somites VII-X aud XIIl-XXIV are complete i^ath three rings. 
Somites XI and XTT (m the elitelluni) with XXV and XXVI bi- 
nnnulate , XXVII uniannulate. 

Througliout the greater part of the body the ventral ganglia he 
in til e broad middle ring ot each somite. 

The promment, irregularly-shaped wai-ty tubercles which cover 
the whole body have a rougli, nodular surface, and are often of 
extensive area. In the “ abdominal ” region, where they tend to 
expand into and fill up the spaces between each other, they are 
separated by deep furrows, and, together with a senes of large 
depressed warts of more or less quadrangular outline situated on 
the middle ring of each somite, present a striking appearance as 
ot crocodile skin (PI. II, fig. 8.) 

'rhe warts on the middle ring of the complete somite are twelve 
in all and arranged as follows : dorsally four large, more or less 
quadrangular warts, two on either side of the middle line, and 
between each ot these two a small wart , ventrally six warts, the 
two lying on either aide of the middle line being smaller and less 
■^ionspicuously quadrangular than the others. 

In the two narrow annuh of the somite, Goddard makes the 
iiuinber of warts, or “tubercular areas ” as he calls them, the same, 
viz. eight above and eight somewhat smaller ones below. These 
observations apply to the Indian example here described, with the 
exception of the number of dorsal waits on rhe first annulus of 
the complete somite, where only six woie usually present. No 
doubt some variation occias both in then number and position. 

Mouth nearly centrally placed within tiie anterior sucker Male 
genital orfiice situated between annuli 16 and 17, in the middle of 
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somite XI ; female genital orifice situated two rings behind the 
male, between annuli 18 and 19, in the middle of somite XII 

The anus lies between annuli 67 and 68, that is, between 
somites XXY and XXVI. 

Dimensions , — Size of Indian specimen examined (fairly extended, 
in alcohol) length, 64 mm.; greatest width, 13mm. ; anterior 
sucker, fully expanded, 6x6 mm. ; posterior sucker, 13 x 11 mm. ; 
length from beginmng of “ trunk ” region (somite XIII) to ex- 
tremity of posterior sucker, 56 mm. 

Q-reater (Lmensions are recorded. Length (alive, but quiescent), 
95 mm. , greatest width, 20 inm. {Schmm da ) : an example m 
alcohol, 80 mm in length, 10 min. in breadth {Goddard) 

Sahtat and Hosts , — The descnption here given is based on a 
single example of this species found, according to information 
supplied by its collector, attaclied to the side of a hammer-headed 
shark {Zygcena sp.) caught at a depth of 26-28 fathoms oil Q-obal- 
pore, in the Bay of Bengal. 

Blanchard records this leech from Tandjong, Lampongscbe 
Bistncten, Sumatra ; Q-oddard describes and figures an individual 
from the Brisbane Eiver, Australia, and Schmarda founded the 
species on a solitary example taken m the harbour of Elingston, 
Jamaica. 

The only host of P. macrothela yet recorded is the hammer- 
headed shark just referred to. The appearance of this leech m 
parts of the world so far apart as Kingston Harbour, the coast of 
Hew South Wales and the Bay of Bengal is consistent with 
parasitism upon certain sharks of wide distnbution such as. 
Zygcsna malleus and Z iudes, and its habitat probably includes 
sub-tropical as well as tropical seas. 


Genus PISCICOLA, de BlainviUe, 1818. 

Small freshwater and brackish- water leeches parasitic generally 
upon fish. Body much attenuated, smooth and cylindrical, the 
posterior region with paired, lateral pulsating vesicles Suckers 
large and excentrically attached. Mouth-opening in the middle 
of the anterior sucker JFour eyes, generally linear in form, upon 
the anterior sucker. Complete somite composed of fourteen 
rings. 


6. Piscicola olivacea, Harding, 1920. (Figs 16 & 17.) 

JPucicola olivacea^ Harding, 1920, p. 612 , Kahuraki, 1921, p 668 

DescmpUon . — Body circular, long and slender, varying in colour 
from bright to pale olive-green, minutely speckled with black or 
with a deeper shade of green A series of conspicuous white 
patches or spots occur, one on either side of each somite, on 
the margins of the body, and these are connected across the 
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dorsal surface hj whitish, often indistinct transverse bands. 
Another series of white patches of more or less elliptical form 
he m the mid-dorsal line, and these median patches, which may or 
may not be jointed together at their extremities, give the appear- 
ance of a somewhat ill-defined whitish mid-dorsal stripe 

Anterior sucker circular, whitish, with three brown dorsal 
transverse bands, one band near the anterior extremity, one- 
following the junction with the body, and a third and broader 
one between the two, m the posterior pait of the sucker. The 
mouth-opening lies in the centre of its interior cup. 

Posterior sucker somewhat heart shaped, of the same green 
colour as the body, with s even pairs of whitish rays corresponding 
to the seven somites XXYIII-JOIXIV, of which it is composed. 

Eyes, two pairs, lying within the middle brown band on tbe- 
anterior sucker, one pair on either side of tlie mid-dorsal line. 
The component eyes ot each pair are linear in form and, without 
actually touching, are inclined together at an acute angle having 
its vertex pointing towards the margin of the sucker. 

Ooinplet© somite formed of 14 rings. An accurate count of 
all the nngs present in this little species could not be made 
m the material examined 

A pan* of lateral pulsating vesicles occur in each of the eleven 
somites XIII-XXIII. These vesicles are centred in the trans- 
verse middle line of tbe somite and lie wibhm the marginal white 
spots. 

In the middle part of the body a ventral ganglion occupies- 
rmgs 7 and 8 of the complete somite. 

The anus is situated in the middle of the last nng. 

The male gemtal opening lies in the posterior part of somite XI, 
and the female opening in the posterior part of somite XII. 

The external features of this species are shown in fig. 16, and 
it is to be understood that the dorsal pattern, which is subject 
to some variation in its details, is merely indicated schematically. 
The internal investigation of P. ohvacea has been undertaken 
by Er. Xaburaki, to whom I am indebted for the information 
conveyed by fig. 17. There are six pairs of testes. The intestine 
leaves tbe crop (or stomach) at a point behind the sixth pair 
of lateral diverticula, between somites XVIII and XIX, and 
the posterior portion of the crop, consisting of a sing le, undivided 
cmcum, extends beneath it as far as somite XX V and is also 
provided with lateral pouches. 

Ikmeimons — Approximate total length when fairly extended,. 
10 75 mm., the greatest width of the body being about 1*60 mm, 

Hosts and Habitat* — Ptcicola olivacea has so far only been 
recorded in India from the Oliilka Lake, where it is of frequent 
occurrence in more or less brackish water. It has been taken 
there ■ — 

(1) Erom the Sting Eay, Trygon sepken^ Eorsk. “ On the 
lower surface of the body, m the gill-shts, near the anus 

X 
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pig^ 10 , — Ptsotcda ohvaoea, Harding, 1920 Diagram showing dorsal pattern 
and other external features Somites numbered in ^man figures. 
p.ves 1, pves 11. Pulsating vesicles (shown on one side only). 
an. Anus. (After Harding.) 
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JFig 17 —Pisaicola ohvacea. (Aftei Kaburaki ) Diagram showing alimentary 
tract, reprod active system and ventral nerve-cord Somites numbered 
m E^mau figures agm Anterior ganglionic moss pffm. Posterior 
ganglionic mass gang Ventral ganglion mth Mouth-openmg sg» 
Salivary glands, st Stomach tnt. Intestine, rt. Rectum cts Oceoum! 
a7i Anus eg o, IJjaculatory canal, ov Ovary U Testis. 

b2 
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and within the mouth on the palate." (sp. gravity of 
water 1’007-1’011). 

(2) Prom the Globe fish, Tetrodon retimlaHs^ Bl. (sp. gravity 

of water about 1 026) 

(3) From Ghatoessus chamnda. Ham. Buch, 

The late Dr. Annan dale recorded specimens from a small pool 
of almost fresh water on Barkuda Island, Lake Chilka, and 
noted that in this pool the only vertebrates were frogs (Jdanw 
cyampTilyctis), 

P. olivacea also occurs in China, two specimens from Soocbow 
having been described by Moore (1924, p 346). 

6. Piscicola caeca, Kaburaki, 1921. (Fig 18 ) 

This species can only be referred to the genus Piscficola pro- 
visionally. Although possessing cerl am features seeu in Piacicolay. 
the absence of pulsating vesicles, with the important modification 
of the coeloinic system which this absence imphes, together with 
the absence of eyes, is sufficient to distinguish it from members 
of that genus. It would be unwise to dogmatise further, however^ 
without additional investigation and until certain Ichthyobdellid 
genera which are still sub 3 ect 8 of controversy are more clearly 
defi.ned. The followmg brief diagnosis of P, oatca (of which no 
example has been seen by the wnter) is based on the detailed 
description given by Kaburaki (1921, p. 666). 

Desci'iption, — The slender, fusiform, translucent body is much 
flattened and has faded in alcohol to a uniform greyish- white- 
colour without any trace of pattern. 

Anterior sucker nearly circular, cup-shaped and about half 
as wide as the heart-shaped posterior sucker. 

No eyes and no lateral pulsating vesicles. 

Complete somite formed of 1 4 rmgs 

The male genital opening lies m somite XI, and the female 
opening in somite XII, touiteen rings behind the male. Tbere- 
are six pairs of testes. 

The digestive tract closely resembles that of Pisoicola olivacea. 
The mouth opens in the middle of the cupuliform anterior sucker,, 
and the anus lies between somites XXVI and XXYII. The 
crop (or stomach) is provided with ten pairs of lateral diverticula. 
Six pairs of these diverticula lie in front of the junction with tlie 
intestine (between somites XVIII and XIX) and the remaining 
four occur m the single, undivided caecum which extends beneath 
it 

DimffimoTis, — ^Length, 13 mm, ; greatest width, approximately, 

1 mm. 

Hosts and Habitat — The four individuals examined were taken 
from the brackish waters of the Chilka Lake, Three of these- 
.were found upon the Sting Ray, Trygon aephen^ Forsk. “ attached 
outside, close to the junction of the skin and teeth on both 
upper and lower jaws." 
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Pig. 18 — Pisoioola ctBca^ Kaburaki, 1921 (After Saburaki , the lettering 
slighty modified.) Diagram showing external and internal features 
Somites numbered m Koman figures ag m, Antenor ganghonic mass. 
pgm,. Posterior ganglionio mass ventral ganglion Truth Mouth- 

opening. prb Proboscis sg Salivary glands StomBioh. cm Cseoum. 
\nt Intestine an. Anus, e) o Ejaculatory oonal. ov. Ovary t. Testis, 
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&enus FTEEOBDELLA, Kaburabi, 1921 . 

Leeches inhabiting brackish water, ectoparasitic on fish. Body 
smooth and divided into three distinct regions, of which the- 
anterior two are each provided with paired, lateral, fin-like 
processes Without eyes or pulsating vesicles. Crop (or stomach) 
with five pairs of lateral diverticula and without a posterior 
caecum. Pive pairs of testes. Complete somite formed of 
fourteen rings (?). 

7. Pterohdella amara, Kaburabi, 1921. (Bigs. 19 & 20.) 

IHierchdella amara^ n. g , n. sp. Kaburabi, 1921, p, 608. 

The brief notice here given of this remarkable species, which I 
have not had the opportunity of examining, is summarized from 



Fig 19 — IPtBTobdellii (lthclto,^ Kaburaki, 1921 Horsal aspoot, greatly 
enlarged (After Kaburaki ) 

Kaburaki's original description, and the diagnosis of the new 
genus which is added here, is based on information obtained 
from the same source. 
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Fig. 20 . — Fterohdella aTnara^ E^buraki, 1921 Diagram showing somitesi yen* 
txal nerye-cord and the digestiye and alimentary systems. (After ]^bu- 
raki ) Somites numbered m Bpoman dgures mth Mouth, a^gm. Ax- 
tenor ganglionio mass p gm Posterior ganglionio mass, gtmg Ventral 
^nghon. jyrh Proboscis sg Salivai-y glands, ov Ovary, vd Vas 
deferens t Testis st Stomacb int Intestine, rt Bectnm. an. Anns. 
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DeicripUon , — Body depressed antenorly, nearly circular pos- 
lK3riorly, and divided into three well-marked regions. The two 
•anterior regions are each expanded laterally into paired, flattened, 
fin-like processes, a combination of features seen in no other 
known leech (see fig. 19). Giound-colour of the body white, 
occasionally \nth numerous minute pink spots on the dorsal 
surface. 

Anterior sucker small, eicentrically attached and somewhat 
campanulate. Posterior sucker a centrally attached, thick, 
circular disc about equal in width to the posterior part of the 
body. 

No eyes. 

Eings, in the individuals examined (which were preserved m 
alcohol), merged into irregular groups and not sufficiently distinct 
to render a correct count possible. Complete somite, as far 
as could be judged, formed of fourteen nngs. 

The reproductive and alimentary systems, ventral nerve-cord 
and distribution of somites aie shown in fig. 20. The re- 
productive organs are of simple structure and open by a common 
pore situated a httle in front of the division between somites XI 
and XII. Pive pairs of testes. 

The mouth opens in the centre of the anterior sucker, the 
ossophagus IS unusually long and the crop or stomach is provided 
with but five pairs of lateral diverticula The posterior extension 
of the crop, characteristic of the Ichthyobdellidm, which takes the 
form of a cmcum or of paired ceeca, is absent. The anus opens 
between somites XXVI and XXVIL 

There are no pulsatmg vesicles 

Dim&rmons, — ^Length, 10 to 12 mm., width, 2 to 3 mm. 

Hosts and HahitaU — The examples of Pterohdella amara described 
were taken in tbe brackish waters of the Chilka Lake, from 
the Sting Bays, Trygon sephen, Forsk., and Trygon uamaHc, Forsk. 
Usually the leeches were found firmly adhenng to the gums 
of their hosts. 
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Family GLOSSIPHONIDiE. 

Clepsimdcaf Apathy, 1888 5, p 784 

Jb'reshwater EhynchobclellaD witb ovate, flattened, never oylin- 
•drical body, Anterior sucker ventral and fused with the body. 
Postenor sucker cupuliform, distinct from the body, with a more 
or Jess ventriil aspect. Crop (or stomach) aud intestine with 
■conspicuous paired lateral caeca; the intestine always with four 
pairs. The eggs, enclosed lu membrunous sacs, are fixed and the 
young attach themselves to the ventral surface of the parent. 


Genus GLOSSIPHONIA, Johnson, 1816. 

Johnson, 1816, p 35 
Qlossopoia^ Johiiaon, 1817, p 21 
Erpobdella^ Blainvilie, in Lamarck, 1818 
Clep&ine, Savigny, 1822, 

Glossobdella. Blainvilie, 1828, p 564 

Clepainaj Imppi, 1837 

Qhssosiphonxaj R Blanchard, 1894, p, 24. 

QloflsiphonidaB generally of small size, with three or rarely with 
two pairs of eyes. Complete somite formed of three rings. 
•Crop (or stomach) with s-ix, oi rarely ^'lth seven pairs of sub- 
lobate, lateral caeca, the last and longest pair reflected posteriorly. 
Mouth-opening withm the anterior sucker, 

•8. Glossiphonia complanata, Linnasus, 1758. (Figs. 21 & 22.) 

Htmao Gomplanaiaf Linnaeus, 1768, p 660; 1767, p. 1079. 
Glossiphonia tvhe:\ cidataf J ohnson, 1816, p. 26. 

Ciepsme complanata^ Savigny, 1822, p 120 
Glossiphonia senomUita^ Moquin-Tandon, 1846, p 363, 

Glossiphonia cimifonms, Baird, 1869, p 817, 

Clepsuie e lagans j VeiTill, 1872, p. 684 
Clepsine pallida, Vemll, 1872, p. 684. 

Ciepsme sexondata, Apithy, 1888 a, p 164 
Glossosiphonia complanata, R Blanchard, 1894, p. 27. 

Glossiphosaa elegans, Castle, 1900, p 46 

(For complete synonymy and literature, see Harding, 1910, 
p. 158 ) 

Description. — The body of this \\ ell-known leech is ovate- 
•elliptical, translucent and generally ot a dull green oi brownish 
colour I'ypically there are six longitudinal rows of yellowish 
apots which he on the middle or sensory annulus of each somite, 
and correspond to tlio luner paramedian, intermediate and outer 
paramargmal papillae and sense-organs. 



68 


GLOSBIPHONID^. 


The coloration and markings are very variable, but the species 
can usually be recognized by two conspicuous longitudinal dark 
brown interrupted lines upon the dorsal surface which appear in 
an inner paramedian position, the interruptions being due to the 
paramedian spots on each aeusory nng. A pair of similar^ though 
less conspicuous, dark lines occur ventrally, but rarely traverse 
the full length of the body. Apathy (18886, p. 791) gives specific 
rank to a brownish form with six narrow longitudinal dark brown 
stripes {G, concolor) which, as Blanchard considered, is not more 
than a variety of Q. cmiplanata, further investigation may lead 
to the subdivision of this widely -distributed species. 

The SIX eyes lie in two close sub-pai’allel rows The first and 
smallest pair, which sometimes may be absent, usually lie in 
the anterior part of somite III and are directed obliquely 



6 

9 



30— ( O 0 

f 


0 

1 


n . nV'PlX 
^ 

Q D oV'>XI 

I V 

u O o V>XII 

I V' 

0 0 Q) ">XIIJ 

1 )' 



ISg 21 , — Glossiphonia oomplanaia^ Linn , 1758. Diagrammatic lepresentation 
of anterior part of dorsal surface Somites numbered in feoman and 
rings in ordinary figures 1 1, Interrupted dark lines 


forward. The second and largest pair, which are also pointed 
forward and to the side, lie m the posterior part of somite III, 
The last pair are directed obhquely backward and he in the 
uniannulate somite lY. 

Rings 68, of which two are usually preoculai\ Somites I-IY 
and XXYI—XXYII uniannulate, Y~XXIY complete with three 
rings and XXY biannulate. Somite III shows signs of sub- 
division, and Moore (1924, p. 349) notes that this is more or 
less well maiked in Indian examples The first and second rings 
of somite Y are usually imperfectly separated ; the first ring 
forms the posterior boundary of the anterior sucker. 

The male genital onfice lies between somites XI and XII, and 
the female onfice lies between the second and third rings of the 
latter somite 

The anus opens in the anterior part of somite XXVII. There 
are ten pairs of testes, and the crop or stomach has six pairs 
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Fig 22 — Glompkmia complanata, Limi , 1758 Diagram showing alimen- 
tary tract, reproductive ay stem and annulation 7nth Mouth-opening. 
p/rb. Proboscis sal g Smivary glonda st Stomach mt Intestine. 
rt Bectum an Anus np Nephndiopoie. ejo Ejaculatory oanaL 
tp. Terminal portion of ejaculate^ canal ^l,^10 First and sixth 
pair of testes on. Ovary (After Harding, modified.) 



60 


GLOSSIPHONID-ZB. 


of lateral diverticula, the Inst and longest, as usual, being 
reflected posteriorly. 

The reader is referred to figs. 21 <& 22, and it is to be noted 
that these are based upon an English individual. 

DxmensionB. — Length, at rest, 15-20 mm.; greatest width, at 
rest, 6-9 mm. Length, fully extended, up to about 36 mm. The 
Indian specimens referred to below ranged from 6*6 mm. to 
21'2 mra. in length. 

Hosts and Habitat, — Glossi^honia com^lanata has been recorded 
from India for the first time by Moore (1924, p. 348), who 
•descnbes specimens taken at Srinagar and m the Jhelum "V^alley, 
Kashmir. These were not associated with a host. 

The species is sluggish, and is found in ponds and slow-moving 
streams, often resting upon or beneath stones and on aquatic 
vegetation. It is parasitic chiefly upon freshwater snails. It is 
found in the United States and m Europe, where it is often ei- 
•ceedingly common ; and its range appears to extend through Asia 
to Japan, where it has been recorded by Oka. That it wanders 
into parts of Northern India has now been shown by Moore. 

*9. O-loBsiphonia heteroclita, Linnaeus, 1761. (Eig. 23.) 

Hit'udo keteorclita, Linneeua, 1761, No. 2086, and 1767, p. 1080. 

Hvrudo hyakntiy 0 F. Muller, 1774, p. 49. 

Hvi'vdo pappillosaf Braun, 1806, p 64 

Htnido tiioculataj Caiena, 1820, p 303. 

Clepsine carencB^ Moqum-Tandon, 1826, p 106. 

Glossipkoma hetei'odita^ Moqum-Tandon, 1846, p. 868 

Clepsine heteroclita^ Whitman, 1878, p 2 , Ap4thy, 1888 a, p. 164 : 

Oka, 1894. p 81 

Glossosiphofiiia 7ietet*oditaf E Blanchard, 1894, p. 26. 

For complete synonymy, see Harding, 1910, p. 165, 

Besonptton , — The body of this well-known and widely-distributed 
species IS ovate acuminate, flattened, smooth, transparent, and of 
a clear amber-yellow colour. Pigmented areas of a darker colour 
may or may not be present on the dorsal surface. Apathy (18886, 
p. 790) describes a variety {striata) having a deep black, often 
interrupted transverse stripe upon every third ring, and notes the 
occurrence of transitional stages between this and the clear un- 
pigmented form. Castle (1900, p 42, pU viii, fig. 38) finds m the 
Umted States aU gradations between the clear yellow form and a 
form with an irregular longitudinal baud and trans verve stri©, 
due to aggregations of black, dark brown or orange superficial 
pigraent-cells. The striea occur on the first rings of successive 
somites. Indmdnals of the clear yellow type are the most fre- 
quent in Northern Europe The three pairs of eyes vary to some 
extent lu position. The first pair usually lie in ring 5, and the 
second and third pairs are situated respectively in rings 7 and 8. 

The first and smallest pan of eves are closely approximated ; m 
typical cases the right and left components of the second and third 
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l?ig 23 — Qlomphonia heteroohta, Lmn , 1761 Diagram showing annulation^ 
alimentary tract and reproduotiTe system Somites numbered in Eoman^ 
and rings in ordinary figures mth Mouth-opening prh, ProbosciB. 
8 g Saliyary glands st Stomach. %nt Intestine rt Bectum. m Anus 
tp Terminal portion of ejaculatory canal vs Yesicula semiiialis or 
seminal reservoir, vd, Yas deferens, t Testis ov Ovary. 
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pairs (which ai'e widely separated) also he near together, and thus 
the eyes form three groups, corresponding to the points of an 
equilateral triangle, A similar arrangement is seen in Olossi^Tioma 
web6)t. The full number of eyes is not always complete. 

The male and female genital ducts open by a common pore 
between the first and second rings of somite XIT. Por further 
information regarding the annulation aud anatomy of this species, 
the reader is referred to fig 23. 

Stze . — Length at rest, 10'13 mm.; greatest width, at rest, 
approximately 4*6 mm. Individuals in full extension may attain 
a length of nearly 17 mm. 

Hosts and Habitat, — This species is widely distributed in North 
America and Europe, and is parasitic for the most part upon 
Gasteropodft. 

Oka (1922, p. 622) describes four small leeches, of which one 
was taken in the Tawng-hwe Valley and three in the Inld Lake, 
Southern Shan States, Burma, which he refers to this species, his 
identification being based chiefly upon the triangular disposition 
of the six eyes, which it shares, as noted above, with G. 

The three leeches from the Inld Lake were taken from the 
Gasteropod, Pachyldbra maura, Eeeve. 

10 Gloseiphonia weheri, E. Blanchard, 1897. (Plate 11, fig. 10 ; 
and fig. 24 ) 

Oloasosiphonia toebein^ R Blanchard, 1897 (A), p 832; Kahuiaki, 
1921 (6), p 096, fig. 1 ; Moore, 1924, p. 861 

Much of the following diagnosis is based upon the detailed 
description given by Kaburald. As that wiiter states, the real 
difference between Q. weben and the closely-allied and well- 
known Q. heteroohta consists in the possession by the former 
species of numerous well-developed papillsB on the dorsal surface. 
The normal position of the eyes and of the common genital pore 
differs in each case, but these criteria are not rehable, since it is 
well known that the eyes in both species vary m position, and 
recently I have observed the same variability of situation in bhe 
genital orifice of G. weheri. In the case of material subjected to 
the accidents of preservation, when pigment may be washed out 
and papillffi obliterated, it is often difficult to decide to which of 
the two species it is to be referred G. lieterodita often develops 
a certain amount of dorsal pattern, and G, weben appears to be a 
tropical form derived from it which has ]ust, and only just, 
attained to specific rank. 

Description — Body translucent, ovate-acuminate, m contraction 
nearlv triangular, the dorsal surface with a roughened appearance, 
due to the presence of numerous small tubercles disposed trans- 
versely upon every ring. 

Ijq addition to these tubercles the dorsal surface bears a series 
of prominent metamenc papiUss (see fig. 24), which form seven 
longitudinal rows extending horn somite V to the posterior 
extremity. The papillflB composing six of these rows consist of a 
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Fig 24 — GtloEZi^pkoma wehen^ E Blanohard, 1897. Diagi^B representing 
(A) dorsal aspect, showing external features, and (B) ventral espeot, 
lowing reproductive organs, digestive tract, etc (After Kaburaki , slightly 
modified.) The dorsal diagram (A) shows the seven longitudinal rows of 
papiUffi m dotted outline, the dark pigment being indicated hy dotted 
shading Somites numbeied in Eoman, and rings in ordinary figures. 
mth Mouth agm Anterior ganglionic mass, p^h Proboscis, sg. 
Salivary glands st Stomach int Intestine rt Eeotum. an Anus, 
ey.c. Ejaculatory canal t Testis ov Ovary Certain parts are shown 
on one side only, for the sake of clearness. 



64 


GLOSSOHONIDffi. 


paramedian and a paramaiginal pair lying on the first ring of each 
somite, and of an intermediate pair situated upon the second niig^ 
The papiUea forming an unbroken median row occur upon every 
nng, that situated upon the first ring of the somite being smaller 
than those upon the other two rings. 

The general colour, in alcohol, varies from greyish or greeniah- 
white to orange, and, usually, five longitudinal rows of dark brown 
or blackish pigment spots or patches traverse the dorsal surface. 
This pigment, duriug life, is described as “ very dark and purplish- 
red.” The pigment spots composing these rows occur only upon 
the middle rmg of each somite, and consist of a pair ot maiginal 
patches and of three spots coinciding respectively with the median 
and intermediate papillfis. The papillsB and pigment spots referred 
to are apt to fluctuate m size and may not all be present, and tho 
dorsal pattern, taken as a whole, is subject to considerable varia- 
tion. in many cases this is reduced to a single median stripe, 
and, again, this stripe may be interrupted m each somite, and so be 
further reduced to a median row of spots. 

Posterior sucker small, less in diameter than half the greatest 
width of the body and bearing on its upper surface paired radial 
stripes of the same dark pigment which occurs upon the body. 

Bings 70, of which five are generally preocular. Bings 6 and 6 
unite below to form the posterior morgm of the anterior sucker 
Somites I-IY are absorbed by the head-region; the twenty 
somites Y-XXEV are complete with three rings; somites XXV^ 
XXYTI are represented by the last four rings 

Three pairs of eyes, somewhat variable in position, but usually 
situated upon the three successive rings 6, 7 and 8 The first 
pair lie near together ; the components of the second and third 
pairs (which are wider apart) are also closely apposed, and thus 
the eyes tend to form three groups corresponding to the points of 
a triangle. 

The male and female genital ducts open by a common pore 
generally situated between rings 27 and 28, that is, between 
somites XI and XII. The position of this pore vanes, however, 
from the middle of ring 27 (where B. Blanchard found it) to the 
groove between rings 28 and 29 

The anus opens between the last ring and the last rmg but one. 
The ahmentary and reproductive systems are indicated echema- 
ticaJly in fig. 24, and call for no special remark. 

Limensio'nB — Large individuals attain a length of about 12 mm , 
the greatest width bemg about 6-6 mm 

Hosts and Habitat, — Q, wehen is widely distiibuted. B. Blan- 
chard founded the species upon material received from Lake 
Manindjau, Sumatra, and it has since been recorded from (a) and 
(6) Bbun Tal, 4460 ft., Gurud Tal (near Sat Tal), 4650 ft., and 
(o) Naini Tal, 6300 ft., Kumaon, W Himalayas; {d) a stream 
at Haxwan, Kashmir; {e) Janikpur, Nepal; (/) Selai Kusi, Man- 
galdi, Assam ; (g) N. end of Logtok Lake, Manipur ; (h) Canal,, 
Thantaung, W. side of Inld Ltdce, Nyaungywe State, Burma; 
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(i) Lahore; (j) in and near Calontta, (^) Diamond Harbour, E. 
Hoogli; (Z) and (w) Cuttack, and Pun, Onssa; (n) S. end of Lake 
Chilka, N E. Madras ; (o) and (p) Chaibasa and Ohakardharpur, 
Smgbhuni Diet , Chota Nagpur ; (^) Burhanpur, Cent, Provinces ; 
(r) Sangur, Cent. Provinces ; (s) Itarsi, Hoshangabad Dist., Cent. 
Provinces ; (Z) Old bed of E. Narbada, N. of Babai, Hoshangabad 
Dist., Cent. Provinces ; and (m) Whitefield, near Bangalore. 
G, weh&n preys upon Gasteropods, the actual hosts hitherto 
recorded being species of Ampullcinay Paludina and Limncea, It 
also attacks aquatic beetles, Dr. S. Kemp having found it upon the 
bodies of Dytiscidae and upon, a species of JSydvophilus at the end 
of a lake on Bhim Tal, Kumaon, W. Himalayas. 

11. Gloflsiphonia reticulata, Kaburaki, 1921. (Pig. 26.) 

The following brief diagnosis of this species is based upon the 
original desciiption, given by Kaburaki, of a single individual m 
the possession of the Indian Museum. 

Dtsan/ption , — Body slender, translucent, attenuated antenorly, 
with the head-region somewhat dilated. Dorsal surface with a 
roughened appearance, due to the presence of numerous papdlss, 
and coveied, like the ventral surface, with pigment, more or less 
reticulately distributed, winch has faded in the preservative fluid 
to a uniform olive-grey hue. 

Anterior sucker very small, less than half the width of the 
posteiior sucker. Postenor sucker circular, nearly centrally 
attached and rather less than half the greatest width of the body. 

Eings 72, of which three are preocular. 

Somites I-IV are represented by the first siz nngs ; the twenty 
somites V-XXIY are complete with three rings ; somites XX.Y- 
XXVII are represented by rings 67-72. 

Byes two pairs , the first pair lie in nng 4, and the second and 
larger pair (in which the eyes are more widely separated) in nng 6. 

Male gemtal orifice situated between rings 26 and 27 in somite 
XI ; female orifice situated two nngs behind the male, between 
rings 28 and 29, m somite XII. 

The mouth opens withm the anterior sucker, a little in front of 
the centre, and the anus lies between rings 70 and 71, being 
separated from the postenor sucker by two rings. The crop (or 
stomach) has 7 pairs of branching diverticula. , 

Dimensions. — Approximate total length, 11 mm. ; approximate 
greatest width, 2 mm. 

Host and Eahitat — The single specimen examined was found 
attached to the mantle o^ a species of Anodonta at Jullundhur. 

12. Glossiphonia annandalei, Oka, 1922. (Pig, 26.) 

The writer bos not had the opportunity of examimng examples 
of this remarkable species, and is indebted here to Oka’s original 
description, which has been collated with the subsequent observa- 
tions of Moore, 1924, p. 360. 
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Hg 26 —Glossiphoma rettoulata, KaburaJa, 1921 (After Zaburaki , slightly 
modified.) Diagram showing external features and alimentary tract. 
Somites numbered in Roman, and rings in ordinary figures m An- 
terior ganglionic mass mih Mouth-openmg pro. Proboscis st. Sto- 
mach. 171^ Intestine rt, Heotum an Anus. 
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Description , — Body eUiptic-lanceoJate, little flattened, haying a 
oiearly smooth surface devoid of conspieuons papillae, and the head- 
region very slightly dilated. Oka’s specimens, in alcohol, are 
described by him as being of a unifoi m pale grey colour. Moore’s 
•examples, on the other hand, were accompanied by the collector’s 
notes on the coloration during life, which is described as “ pale 
flesh -colour with minute dark dots on the dorsal surface, tending 
to run into hair-like lines.” 

Anterior sucker bounded posteriorly by the flfth ring and per- 
forated by the small mouth-opening a little m front of the centre 
of its cup. Posterior sucker circular, and less in diameter than 
the greatest width of the body. 

Eiings 68, of which three are preocular. Somites I-m and 
JKXyil uniaunulate; lY bionnulate, formed of an anterior broad 



Fig 26 — Glossiphonia aimaiiddlei^ Oka, 1922 (After Oka) a Outline of 
entire leech, X 3 h Somites I-X, dorsal yiew showing eyes, x 30 
c Somites I-IX, vential view showing mouth-opening, X 3U 


and a posterior narrow ring , V and VI also biannulate, but formed 
of rings of almost equal width. The eighteen somites VII-XXIY 
are triannulate, with rings of equal size, XXY and XXYI bi- 
annulate, with the anterior ring about twice as broad as the 
posterior. 

The three pairs of eyes occupy a position unique among the 
<xlo88iphonidffi, and so provide a ready means of recognizing this 
■species. Ou the posterior part of ring 4 lie two pairs ofc eyes, 
consisting of a small median pair situated between the components 
of a much largei pair. Another pair of large eyes he on ring 6, 
immediately below the large eyes on ring 4. The openings of the 
pigment cups of all the eyes on ring 4 are directed forward, those 
of the ©yes on ring 5 being directed backward. The pigment-cups 
of the large pairs of eyes lying respectively on rings 4 aud 5 touch 
at their bases. This .arrangement is shown in fig. 26 
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The genital orifices are separated by two rings The male pore- 
opens in the furrow between iings 24 and 25, that is, between 
somites XI and XII, and the female pore opens between nngs 26* 
and 27. There are six pairs of testes. 

The seventeen pairs of nephridiopores he between the first and 
second rings of the somites involved. 

Crop with SIX pairs of diverticula, of which the first five pairs- 
are simple and unbranched. The anus opens behind the last ring. 

IhmeJmo7ia . — The largest member of this species examined by 
Oka measured 6 mm. m length, its gieatest width being 2 8 mm. 
Moore describes three examples of equal size which were 6'5 mm. 
long with a maximum width of 1*2 mm. 

Bosts and Eabitat, — Oka’s specimens were found in the central 
region of the Inl^ Lake, Souihern Shan States, Burma, on a snail 
of the Eamily Yiviparidfie, Tam zntJia, Annandale The examples 
examined by Moore were Indian, having been taken in a fresh- 
water pond on Samal Island, Chilka Lake, Madras Presidency. 
In this instance no host was recorded. 


Genus HELOBDELLA, E Blanchard, 1896. 

Small Glossiphomdee with one pan of eyes. Complete somite 
formed of three rings Body generally without papillae. Mouth- 
opening within the anterior sucker Head-region continuous 
with the rest of the body. Crop (or stomach) with six pairs of 
simple lateral caeca, the last and longest reflected posterioily. 
Sometimes with a dorsal chitinous scute 

13. Helobdella stagnalis, Linnseus, 1758. (Pig 27.) 

stagnalis^ Linnaeus, 1768, p 649. 

Clepsme hocidata, Moquin-Tandon, 1826, p. 102 
Glossostphonia stagncdis, R Blanchard, 18^, p 26. 

SelohdeUa stagncdiB, R Bhmchard, 1896, p 4 

[For complete synonymy, see Hardmg, 1910, p, 162.] 

Ovnng to the courtesy of Dr. H. A. Bayhss, I was enabled, m 
1922, to examine an individual of this species which had been sent 
to the Bntish Museum of Natural History from the Himalayas. 

Besmj^tion , — This widely distributed species, here recorded from 
India for the first time, haLs a slender translucent body of a uni- 
form greenish, yellowish or brownish hue finely speckled with 
black, A dorsal circular chitinous plate or sente, situated between 
the twelfth and thirteenth nngs, forms the most striking external 
feature. A similar scute is present in the South American species 
Helobdella scutifera (R. Blanchard, 1900). Posterior sucker small,, 
its width being not greater than about half the greatest width of 
the body. 

Rings 68. The somites are not readily distinguished by external 
observatioiu Somites I-Y are represented by the first five rings > 
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SPig- 27 — Hdohdella stagndLis^ Linn , 1758 (After Harding ) Diagram 
showing alimentary tract Tnih Mouth-opening jpr6 Proboscis sal g 
Salivary glands cr Crop st Stomaoh. int Intestine an Anus 
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somites YI-XXIY are complete with three rings, and somites 
XXV-XXYII are represented by rings 63-67 (see Castle, 1900^ 
p. 22, pi. 11, fig. 4). 

The two closely approximated eyes lie m the third nng or 
between rings 2 and 3. 

The male genital orifice is situated between rings 24 and 26 
(the first and second rings o£ somite XII), and the iemale orifice 
is situated ore ring behind the male, between the second and third 
rings of somite XII The anus lies between the sixty-seventh 
and the last and incomplete sixty-eighth nng. 

The first five pairs ot lateral gastric csBca, when undis tended by 
food, may become retracted and consequently difficult to detect. 

Dvmemions — Length, at rest, 8-12 luni. , approximate width, at 
rest, 4 mm ; length, fully extended, as much as 26 mm. The 
Indian example was appioxiinately 6 nim long, and 2-6 mm. in 
width 

Hosts and Eahitat , — Helohdella stagnalxs is met with in lakes, 
ponds, ditches and sluggish htreanis, often resting upon aquatic 
plants, and although parasitic chiefly upon Gasteropods, it preys- 
also upon a considerable variety of sinall freshwater invertebrates, 
and has been noticed occasionally on the bodies of frogs, newts 
and injured fish. It is found in Canada and in the United States 
from the Atlantic to the Pacific coast- In South America it has 
been recorded from Paraguay and the western slopes of the Audes, 
and its range extends throughout the greater part of Europe into 
Western Asia and the Himalayas. It probably occurs throughout 
the northera and southern temperate regions of the globe. The 
Indian example recorded here was accompanied by a note stating 
that it had been taken by Mr. M E. Moseley from a stream at an 
altitude of 11,000-12,000 ft in Kashmir 

14. Helobdella nociva, Harding, 1924 (Plate II, fig. 9 ; and 
fig. 28.) 

Descrvpi/ion . — Body claidform, slender anteriorly, \vith the head- 
region somewhat dilated, 'without, a doisal scute. Anterior sucker 
with fine transverse ribbing on its inner surface. Posterior sucker 
email, less m width than half the greatest width ot the body. A 
water-colour drawing from life, for which I am indebted to the 
late Bi. Annandale, shows a translucent body (through which the 
dark contents of the digestive tract can be discerned), of a’pmkish 
hue where thinnest, dull green m the thicker parts, with five 
brown, longitudinal dorsal stripes of which one is median, and 
having the bluish-grey posterior sucker rayed with white 

Kings 70 There are three preocular rmgs ; rmg 9 is the first 
to encircle the body, and so forms the first ventral annulus; ring 
68 IS double at the margins, but not entirely divided 

The single pair of eyes occupy ring 4 

Two dorsal pairs of papillae (all that could be made out in the 
individuals examined) situated one pair on eitlier aide of the 




Fig 2^—HdohdeUa iwciva, Harding. 1924 (After Harding) Diagram 
showing external features and the reproductive and ahmentary systems. 
Somites numbered in JR.oinan, and rings in ordinary figures mth. Mouth- 
opening 'prh ProboBois mlg Salivary glands Jffi]aoulatory canal 

tp Terminal portion nf ejaculatory canal vasd Vaa deierens ^ Testis 
ov Ovary (shown on side only for the sake of clearness) st. Stomach, rt. 
Beotum. Intestine, aw Anus The dotted portion of the ahmentary 
tract could not be seen owing to the imperfect state of the material 
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median line, diitingmsh the middle or primary ring of each somite. 
So mite I umannulate , II, III IV biannulate ; the 19 somites 
V-XXm complete with three rings. Somites XX.rV-XXYII 
are represented by the six rings 66-70. 

The reproductive and alimentary systems are shown m fig. 28. 
(The parts indicated by the dotted lines were not clearly seen, 
owing to the defective state of the material ) 

The male genital orifice lies between rings 28 and 29, that is, 
between somites XI and XII. The female onfice is separated 
from the male by two annuli, being situated between rings 30 
and 31 in somite XII. 

The genital organs call for no special comment, with the excep- 
tion of the ovaries, which are much coiled and very long, extending 
as far as somite XVI. 

The mouth opens within the anterior sucker a httle m advance 
of the centre. The six pairs of crop (or stomach) caeca are 
somewhat lobed. The anus opens between rings 69 and 70, being 
separated by the space of one ring from the posterior sucker. 

Dimensiom . — ^Approximate size of largest individual total 
length, 7'5 mm. ; greatest width, 1*6 mm. 

Host and Habitat , — ^No host is recorded. The material examined 
came from two sources, and was accompanied by the following 
notes • — 

(a) On stems of water plants and on under surface of Canna 
leaves dipping into the water, in a small pond of fresh 
water dug in sand and oversbadow'ed by trees at Pun, 
Onssa.^* (Dr. N. Annaiidale and Dr. F. H. Grraveley 
coll.) 

(h) “ On under surface of bricks and broken earthenware pots in 
a tank at Kidderpore, Calcutta (E. Hodgart coll.) 

Genus FLAGOBDELLA, E. Blanchard, 1893. 

Body fiattened, with a crustaceous dorsal surface aud sometimes 
attaining considerable size. Complete somite formed of three 
rings. Anterior sucker imperforate, the mouth being situated 
upon its anterior nm. Usually one pair of eyes. Crop (or 
stomach) with seven pairs ot branching diverticula. Parasitic 
chiefiy upon turtles, hatrachians and fiah. 

The largest species of this genus mhabit the United States, 
where examples of P. 2 ^arasitica (Say, 1824) may be met with 
which attain a length ot as much as 60 mm. when at rest, and 
more than 80 mm. when fully extended. The eyes of several of 
these American species, when subjected to refined methods of 
examination, have been found to be compound. The crustaceous 
or roughened dorsal surface seen in members of this genus is due 
to the presence of imiiierous small cutaneous papillae closely set 
upon every ring, and the terminal mouth-opening, although not 
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peculiar to Placdbdella^ is somewhat uncommon and an easily 
recognized and valuable character. 

The Indian species of Flacobddla at present defimtely known 
are oi comparatively small size, and probably attack a wider range 
of hosts than are here recorded. 

16. Placobdella ceylanica, Harding, 1909. 

Olomphonia ceylamca, Harding, 1909, p. 2S3. 

Glossostphonia cei/lantca, Kaburaki, 1921 a, p. 671, fig. 5. 

Placobdella ceylanxca^ Moore, 1924, p. 367, pi xix, fig. 7 and pL xxi, 
fig. 26. 

In 1909 I received a single, imperfectly preserved example 
of this little leech, and published a briet, preliminary description 
ot lb which has proved to be not free trom error. In 1921, 
Kaburaki, working upon farther material trom India, was able 
to make a more complete examination of the species, and his 
results, in 1924, weie revised by Moore, who had received additional 
Indian examples. Thus, as I am glad to acknowledge, the credit 
ot establishing this species is really due to these two authorities, 
upon whose work the tollovving description is based. I here 
follovi Moore lu referring this species, provisionally at least, to 
the genus Placobdella, on account of the terminal oral opening and 
the seven pairs of gastric cmca ; and notwithstanding the three 
pairs of eyes. 

Description . — Body lanceolate, smooth, flattened, with the head- 
region shghtly dilated. Posterior sucker small, its diameter 
bemg equal to about half the greatest widtli of the body. 

Colour m alcohol pale buft, grey or browu, somewhat hghter 
below ; dorsal surface with three longitudinal ^rk brown Imes or 
rows of spots. 

Mouth-opening very small, at the extreme anterior margin of 
the anterior sucker. 

Eiugs 71, ot which two are pieocular 

Somites I uuiaunulate ; II biannulate (the groove between the 
two rings shallow) ; ILI peifectly biaunulate, the twenty-one 
eomites lY-XXIY bemg complete with three rings. Somite 
XXIY has the third img reduced, XXY is biannulate and XX YI 
and XXYII are uniannulate. 

Six eyes disposed in two subparallel rows. The flrst and 
second pairs of eyes he re 8 peetivel 3 '- m rmgs 3 and 4; the third 
pair occur on the sixth rmg (the sensory ring of somite lY). The 
separation of the second and third pairs of eyes by two rings is 
charactenstio of the species. 

Male genital orifice situated between somites XI aud XII; 
female onflce two rings behmd the male, between the second and 
third lings of somite XII. 

Crop (or stomach) with seven pairs of ceeca, the last and longest 
reflected, as usual, posteriorly The first six pairs and the lobes 
■of the last pair bifurcate at tbeir extremities. 
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The nephndiopores pierce the middle nog of the somite, but 
their total number could not be ascertained in the material 
examined. The anus lies between the penultimate and the last 
ring. 

Dvmensio'iis — At rest, length approximately 8-13 mm. ; greatest 
width, approximately, 3 mm 

Hosts and JHabitat — Q ceylanica was first recorded from Ceylon,, 
on the Mud-turtle, Emyda granosa vittaia, Kaburaki notes its 
occurrence in India at Eawalpmdi, and on Barkuda Island, Ohilka 
Lake, Madras Presidency, in a pond wheie Bcina cyanojghl/yctis, 
Schmid , was the host. Mooie records it from a small freshwater 
pond on Samal Island, Ohilka Lake, off Eniyda granosa intermedia^ 
and also from a tank iii the Government Garden, Buldona, 
Central Provinces. 

16. PlacobdeUa emydas, Haidmg, 1920 (Pig 29.) 

Plaoobdella emydee^ Htuding, 1920, p 614 , Kaburald, 1921, p. 701 

Descii'iption , — Body with the chaiacters of tiie genus; in ex- 
tension elliptic-lanceolate , with the head-iegion somewhat dilated. 
The middle nng of the somite bears dorsolly three pairs of uieta- 
menc papillee a paramedian, an nitei mediate and a paramarginal 
pair, the intermediate pan being the largest 

The ground-colour vanes from greyish-green to pale olive-brown, 
the gorged crop or stomach (m tlie individuals examined) appearing 
dull green through the translucent body Dorsal surface with a 
white median stripe and profusely speckled with white and a 
darker green. Ventral surface smooth and olivaceous. 

Anterior sucker with a shallow iiiteiior cup having a flnely- 
ribbed surface somewhat resembling that of the human finger-tip. 
Postenor sucker circular, centrally attached, narrower than the 
widest part of the body, its upper surface bearing paired white 
rays 

Eings 71. The second and third rings are each subdivided at 
their niai gins , the fifth is confluent with the free ventral posterior 
edge of the anterior sucker. Eings 6 and 7 are sometimes so- 
slightly divided above as to give the appearance of a single ring ; 
the former disappears ventrally, leaving ring 7 to form the first 
ventral ring behind the anterior sucker 

Somites I-III uniannulate, TV, XXV, XXVI and XXVII 
biannulate ; the twenty somites V-XXIV complete with three 
rings. 

The single pair of eyes usually he m the third ring, but some- 
times appear between nngs 2 and 3. 

Male genital opening situated between rings 26 and 27, that is, 
between somites XI and XII. Pemale orifice t\\ o rmgs behind 
the male, between rings 28 and 29, m somite XII 

The more important external and internal features are shown 
m fig 29. The anus opens between rings 69 and 70, and thus is- 
sepal ated by two rings from the antenor sucker. There are six 
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pairs of testes, and large sperm reservoirs connect the vasa 
deferentia and the much coiled ejaculatory canals Nephridia 
14 pairs. These, which first appear in somite VIII, are absent 
in the chtellar somites XI, XII and XTTT . The nephndiopores 
open in the middle nng of the somite. Each pore lies about mid- 
way between the middle line and the margin of the ventral 
surface, iind peiforates the middle of the ring m which it appears. 

Ihmeyi&ions — Total length, 13*6 mni. ; greatest \vidth, 9 mm 

Hosts and Edbitat , — The only hosts upon which this leech has 
so far been found are Mud-turtles of the genus Emyda. It is 
probably fairly common throughout India, and has been recorded 
from the following places : — 

(a) Outskirts of Calcutta. (6) Gatiogurgh Dist., Hoogh, 
Bengal, (c) Eiver Mahanaddi, Samba! pur, Orissa, (d) The 
Chilka Lake [in the lees blackish waters, sp. g. 1*007-1 ’Oil], 
{fi) Near Purulia, Ohota Nagpur Div (/) Nagpur, C.P {g) 
Hoshangabad, 0 P. (A) Taloshi (c. 2000 ft.), Koyna Valley, 
■Satara Diet. Kaburaki also records it from Burma. 

17. Placohdella ioleana, Oka, 1922. (Pig. 30.) 

OlossipJionia irdmnay Oka, 1922. 

The writer has not examined any example of this species 
and the diagnosis given below is a summary of Oka’s original 
•description, to which the reader is referred for further information. 
Althougl) the mouth-opening is not absolutely terminal, its 



Fig 30 —I^lacohdella tnleava, Oka, 1922 (After Oka ) a Outline of entire 
leech, X 3 b Soiuitea HX, doroal aspect showing eyes, x 30, 
c Somites I-X, ventral aspect showing mouth-opening, X 30 

eubterminal position, combmed with the smgle pair of eyes and 
the seven pairs of crop diverticula, seem to mdicate that this 
epecies is more nearly related to the genus Placohdella than to 
Olosstjohoma, and it is referred here, at least provisionally, to the 
former genus. 
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Descnjptim . — Body ovate-oblong, somewhat convex both above 
and below, with the lateral margins sharply serrate. The examples- 
examined were preserved in alcohol and had faded to a uniform 
pale grey colour with, however, indications of roundish spots 
arranged in regular senes on the dorsal surface. 

Anterior sucker bounded postenorly by ring 6, with the mouth- 
opening situated in a subtermmal position, immediately below the 
eyes. Posterior sucker about half the width of widest part of 
the body. 

One pair ot large and distinct eyes lie upon the second ring, 
with their bases back to back and nearly touching, the openings 
of their pigment-cups being pointed in a lateral and sbghtly 
forward direction. 

The number of nngs m adult individuals is usually 67 ; the 
annulation, however, presents remarkable peculiarities. 

In this species, as in certain others, the somite limits are 
readily recognizable externally, owing to the furrows separating 
the rings of contiguous somites being more conspicuous than the 
other interannular furrows. 

The interannular furrows of the three-ringed somites are not 
all of the same depth, the groove separating the first and second 
rings being shallower than that separating the second and third. 
Again, in most cases, the three rings of a somite are of different 
widths, the middle ring being the widest, the last ring somewhat 
less wide and the first nng always the narrowest. Some of the 
hiannulate somites also have nngs of unequal width, the anterior 
ring, in these cases, being the largest. Einally, the number of 
nngs increases to some extent witli growth, owing to certain 
rmgs which are single in the young leech becoming divided in 
the adult. It is possible, m this species, “ to observe the various 
stages through which the primitive umannulate somite of the 
ancestral leech gradually became the typical triannulate somite 
of the Q-lossiphonidsB.” 

Somites I, II, XXyi and XXYII are always uniannnlate ; 
Y, YI and XX lY are always hiannulate, and IX-XXTI are 
always complete with three rings The remaining somites vary 
m annulation with the growth of the individual, viz. Ill, lY 
and XXY ore imiannulatem the young leech and hiannulate in 
the adult; similarly YII, YHI and XXIII are originally biannu- 
late, but become tnannulate as full size is attained. 

Genital openings separated by two rings. In adult fuUy 
annulated individuals the male pore lies between rmgs 26 and 27, 
and the female pore between rings 28 and 29. 

There are six pairs of testes, sixteen pairs of nephidia and seven 
pairs of gastric diverticula. 

Dimensions, — Full-grown individuals measure about 9 mm. m 
length and nearly 3 min. in width 

Host and HahiiaU — About sixty examples were taken from a 
tortoise, Gyclemys dhor slianensl% Annandale, at Fort Stedman, 
Inl^ Lake, Southeru Shan States, Burma. 
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18 Placol)della fulva, Harding, 1924. (Plate II, fig. 7 ; and 
fig 31.) 

I am indebted to fclie late Di*. Aunandale for information 
Tegardmg the colour during life of this elegant little species. 

Bescnjption , — Body flattened, in extension elaviforin and very 
■slender anteriorly. ITpper surface of a bright reddish-yellow hue, 
having in addition to the deep brown markings described below 
a conspicuous longitudinal median cream- colouied stripe and a pair 
of broken, marginal cream-coloured bands. Yentral surface white. 
Boi sally each nng bears a large median papilla, and these papdlse 
form a prominent row corresponding to the median cream-coloured 
stripe. An intermediate and a marginal pair of papillm present 
■on the dorsal surface of the middle ring of each somite are 
coveied by deep brown spots, which are connected longitudinally 
by dark brown lines. Head-region undilated and continuous 
with the body. Posterior sucker small, centrally attached, not 
wider than half the greatest width of the body, with paired 
-cream-coloured rays. 

Kings 67 King 6 forms the posterior boundary of the anterior 
sucker and is the first to appear on the ventral surface King 68 
is doubled at the margins but not entirely divided. 

Somites T-XXn complete with three annuli. 

The single paai’ of eyes he within ring 2, there being one 
preocular ring 

The male genital pore is situated between rings 26 and 27, that 
is, between the first and second annuli of somite XI , the female 
pores open between rings 28 and 29, that is, between somites XI 
and XII. 

The anus lies between rings 66 and 67, being separated by one 
ring from the posterior suckei 

(The accidental destruction of the two individuals upon \\ hicli 
“this species is founded prevented the complete investigation of 
their internal featuies ) 

Dimensiom , — Approximate total length, 13 mm. ; approximate 
greatest width, 2 mm 

Hosts and Hahxtat , — There is no positive record of a host. The 
leeches examined weie stated to have been found on the lower 
aurface of a dead Umo shell at the edge of a stream, at Purulia, 
Manbhum Diet., Chota Nagpur Div, Bengal (“K. Aunandale 
and P. H Q-raveley coll.”) 

19 PlacobdeUa undnlata, Harding, 1 924 (Pig. 32.) 

Desai'i'ption — The typical elliptic lanceolate form of the body is 
modified in adult individuals by a slight constriction centred at 
the thirtieth ring, immediately behind the female orifice Dorsal 
surface with a roughened appearance, due to the presence on each 
nng of numerous closely-set papillae Head-region somewhat 
dilated and distinct from the body. Posterior sucker circular or 
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Fig. 31 I^lacobdella fvlva, Hai*ding, 1924 Diagram showing external fea- 
tures, digestive tract and nerve-ganglia. Somites numbered m Boman 
and rings in ordinary figures Intermediate papilla, mp Marginal 
papilla mth Mouth prs Prohosois sheath, st Stomach %nt Intea - 
tane Tt Rectum <m Anus gn A ganglion of lie ventral ohain 
(After Harding.) 




Fic. ^2—Placohdella undulata, Hardmg, 1924 Diagram showing eitemal 
^ features, reproductive system, alimentary tract and nerve-ganglia. 
Somites numbered m Boman, and rmgs in ordinary figures itdli 
Mouth Jtwfi Proboscis ml g Salivary glands Stomach mi In- 
testine rt Bectum an Anus fi? o Ejaculatory canal (shown only 
on one side for the sake of clearness) tp Termmal portion of ejacu- 
latory canaL v d Vas deferens. ^1,^6 First and sixth pair of testes 
otf. One of the ovaries agm Anterior ganghonic mass p am. Posterior 
ganghonio mass gang, A ganglion of the ventral chain (After Harding.) 
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slightly oval, email, centi'ally attached, about equal m width to 
half the greatest width of the body. Colour faded m alcohol to a 
uniform buff hue. 

Sings 71. Sing 2 is double at the margins but not entirely 
divided 

Somites I-IV, which could not be plotted with certamty in the 
material examined, appear to be represented by rings 1-6, which 
overlie the anterior sucker. Somites Y- XXT Y complete with 
three annuli ; XXY and X X YI biannulate; XXYII uniannulate. 
Sings 7 and 8, the first and second rings respectively of somite Y, 
unite below to form the first ventral ring ; somite Y, therefore, 
18 only triannulate dorsally. 

There is one preooular ring , the single pair of eyes lie in the 
second nng 

Male genital orifice situated between rings 27 and 28, that is, 
between somites XI and XII. The female orifice lies two rings 
behind the male, in somite XII, between rings 29 and 30, The 
anus opens between rings 70 and 71, thus being separated by one 
ring from the posterior sucker 

The reproductive and alimentary systems are shown m fig. 32, 
and conform in all important particulars to the general plan 
characteristic of this genus The mouth opens in the usual 
terminal position, the salivaiy glands form paired compacted 
masses , the seven pairs of gastric caeca are moderately lobate ; 
the paired pouches of the intestine are somewhat less developed 
than usual 

Dimensions . — Approximate size of the lai'gest example, total 
length, 17 5 mm ; greatest width, 4 mm , width at the deepest 
point of constriction (ring 30), 2 mm., greatest width of head- 
region, ‘75 mm. , width ot posterior suckei, 2 mm 

Host and Hahitat . — I am greatly indebted to Prof Clifford 
Dobell, P P S., for the material upon which this species is founded. 
A note enclosed with the leeches examined states that they were 
said to have been taken from Koraliya fish (Etroplm suratensis) m 
the Colombo Lake, Ceylon 


Q-enus THEEOMTZON, Phihppi, 1867. 

Qlossiphonia, Johnson, 1816 (partim) 

Clepsinet Savigny, 1822 (pai-tim) 

Hesmochans, ae Filippi, 1887 (partim) ; not Hamocharis^ Savigny,, 
1822 

Heimclepsis, V^dovsky, 1888 (partim). 

Drotocl&psvne, Moore, 1898 

Protoclepsis^ Livanow, 1902 

G-lossiphonidse of medium size, with four pairs of eyes. Com- 
plete somite formed of three rings Somite LEI is rarely and 
somites lY-XXIY are always complete. The crop (or stomach), 
which has more than seven pairs of lateral diverticula, extends 
anteriorly into the preclitellar region. 
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These are generally slender, elongate, soft, delicate, somewhat 
flattened leeches, of a more or less greyish-green or brown colour, 
with yellow spots upon the upper surface of the body and also of 
the posterior sucker, where they are disposed in a marginal series. 
During life they are often possessed ot great powers ot extension 
and contraction, and of extraordinary restlessness and activity, 
creeping rapidly \s itli a looping movement upon the slightest dis- 
turbance. Most, of the known species have been found m Lake 
Baikal, in Siberia, but two species, at least, have a wider distri- 
bution, namely the one under discussion and T. iessellata (0 F. 
Muller, 1774). 

I here follow Moore (1924, p 346) in giving Ph±ppi’s name 
Tkeromyzon piececlence of the more familiar name Frotoclepsis 
applied by Livanow to this genus, which he was the first to place 
upou a satisfactory basis. Livanow divides the genus into two 
groups, distinguished by the following characters . — 

(a) Genital orifices separated by two nngs. In adults there is 
a shallow primitive form of vagina opening to the exterior by a 
single female pore. In undeveloped individuals there ns no vagina 
aud the oviducts open directly to the exterior, where they appear 
(in material which has been sectioned) as a pair of very small 
apertures situated one on either side of the median line. 

(&) Genital apertures separated by more than two rings. The 
single female pore opens into a well -developed vagina 

The species referred to below belongs to the first of these 
groups, which contains but oue othei species, T, garjatwi (Livanow, 
1902). 


20. Tkeromyzon sexoculata, Moore, 1898. 

FrotocUpsine sexoculata^ Moore (1898, p 646). 

Jh-otoclepsis meyen^ Livanow (1902, p. 346). 

Mooie (1924, p. 346) refers two specimens of Theromyzon from 
Manipur somewhai doubtfully to this species, with which they 
agree “ in most features of annulation, the position of the genit^ 
pores, etc.’^ 

JDesor^jpl^n , — According to Livanow (Zoc ci/.), who describes it 
under the name of Frotoclepsis meyem, this species has on elongate 
slender body, convex above and flattened below, and of an olive- 
green colour. The doisal surface is traversed by six longitudinal 
rows of yellow spots. The spots composing four of these rows 
occur on the middle or sensory rmg of each somite, and corre- 
spond to the outer paramedian and intermediate papillfie. (The 
inner paramedian papillas are absent) The spots forming the 
two remaining rows lie m an inner paramargmal position on 
the last ring of each somite. 

The annulation is similar to that of the typical form, TJiero- 
myzon {Frotocle^s^^) tessellataj with which it also agrees m the 
position of the eyes. 
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Somite I uniannulate ; II usually biannulate, the second rmg, 
■however, being occasionally inissing Somite III so rarely tn- 
Annulate that it may be regarded as typically biannulate, its first 
and second iings being nearly always merged together Somites 
IV-XXIY complete with three rings, and XXV-XXVII 
biannulate. 

Rings (when somite III is biannulate) 74 in number. 

Eyes, four pairs (forming two subparallel rows), situated 
respectively upon rings 2, 4, 7 and 10 (on the sensory rings of 
the somites II, III, lY and Y, in which they lespectively he). 

The male genitni pore lies between somites XI and XII, and 
the female poie two rings behind it, between the second and 
third rings or XII. The anus opens between rings 73 and 74, 
in the middle of somite XXYII 

Dimensions * — 9 mm. long, with a maximum width of 3T mm, 
[Moore), 8 mm long and 3 uim. wide {Dwanow) 

Hosts and Habitat — One of the two Indian examples of T sexo~ 
cidata noted by Moore came fiom Loktak Lake, Manipur, Assam , 
the other was found in a small sti'eain flowing out of this lake. 
Moore’s original description of this species (1898) was based 
upon an example from Behring Island, Commander Islands, 
Siberia Livanow’s specimens came from Russia, and he notes 
the occurrence of this leech also m Erance and Sweden. The 
onl}’' host ineutioned is "Wild-duck. Piobably, as in the case of 
T* tessellata^ other waterfowl are also attaclced. 


Geuus HEMICLEPSIS, Yejdovsky, 1883 

Q-lossiphonidsB of medium size, typically with two pairs of eyes. 
Complete somite formed of thiee rings Head-region dilated and 
distinct from the rest of the body. IMie crop (or stomach), which 
has more than seven pairs of lateral diverticula, extends antenorly 
into the preclitellar region. Mouth-openmg within the anterior 
sucker. 

21 a Hemiclepsis marginata, subspecies marginata, O. P. Muller, 
1774. (Plate II, figs. 1 & 2 , and figs. 33 & 34.) 

Hii udo marginata^ 0 F. Muller, 1774, p. 46 

Oloseiphonm marginata^ Moq_um-Taiiaon, 1846, p. 375, pi xiv, 
tigs. 10-20 

Henmleime maiginata (m India), Kaburaki, 1921, pp. 694-695, 

(For full synonymy and literature, see Harding/ 1910, pp. 161-152.) 

Descrijgtion — The flattened claviform and translucent body is 
usually nchlv pigmented, but the coloration is subject to con- 
siderable variation both in kind and in intensity. In typical 
examples the thin margins and extremities are colouiless or 
hyaline and the ground-colour of the thicker parts is yellow, 
profusely sprinkled above with bright green. When, however, 
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Pig. 33 — HemioUpsis marginata, subsp margmata, 0 P Muller, 1774 Dia- 
gram showing external features. Somitea numbered in Boman, and rings 
in ordinary figures Pigmented spots mdicated in circular outline 
an Anus (After Harding ) 
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XXIV-1. 

XXV- <- 

XXVI- ^ 
XXVTT 


34 5" mar^zfiai^a, siibsp Tnmginata^ 0 F Muller, 1774 Diajprani 
showing alititentaiy tract and repioductive oigans The latter, and also 

fVlA .1 P. .1 1 . 


p ... W— V... ^ vrV4,MWrVt TO 04gU;X10 JUilO XUbUOL| aiLXU MQU 

the salivary glands, are shown on one side only for the sake of clearness. 
wwfA Mouth 'prh PioboRcis salg Salivary glands st. Stomach 
(shaded) int Intestine rt Bectum an. Anus, ^ c Ejaculatory canal 
ip Its teimimd portion v sem Vesjoula seminalis or seminal reservoir 
V def Vas defeiens te Testis ov Ovary (After Harding.) 
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the crop is gorged with blood its scarlet hue, shinmg through the^ 
semi-transparent body modifies, and sometimes entirely eclipses, 
the green pigment. 

Dorsal surface with seven longitudinal rows of lemon-yellow 
spots. 

The spots composing four of these rows he on the middle ring 
of each somite and correspond to the outer paramedian and inter- 
mediate sense-organs and papillae The spots foiming a median 
row fall upon the third ring, and the two remaining series, which 
occupy a marginal position, occur upon the third, and sometimes 
also upon the middle ring of each somite 

Posterior sucker with an outer, and often with an inner series 
of lemon-yellow spots between which reddish-hrown radial stripes 
are ofteu present. 

Bangs 72, of which two are preocular. The seventy-first is 
partly subdivided and traces of subdivision appear in ring 69. 
The twenty-one somites lY-XXIV are complete with three rings. 

The two pans of eyes are situated respectively upon the third 
and fourth rings. 

The mole genital oiifice opens between somites XI and XII, 
that IS, between rings 29 and 30, and the female orifice lies twa 
Tings behind the male, between the second and third rings of 
somite XII. The anus opens between the last and the pen- 
ultimate ring. 

The alimentary tract and the reproductive organs are indicated 
m fig. 34. 

Dimensions' — Length, at rest, 15-20 mm., width, at rest, 
3-7 mm. , lenj^th, fully extended, up to 30 mm 

Hosts and Habitat, — Hemclepsis margimta marginata is chiefly 
a fish parasite, but it also attacks certain molluscs, and has been 
taken in India from a species of Lamelhdens (by Dr. T. South- 
well). It inhabits freshwater ponds, streams and lakes, where 
it is often found upon water-plants and vanous other submerged 
objects, lying in wait for its prey. Its range extends throughout 
the greater part of Europe to Western Asia and India, where it 
begins to he replaced by the subspecies asiatica. In India it has 
been recorded from the following localities. — (a), (&), (c), (c^) 
Malwa Tal, 3600 ft., Sat Tal, 4500 ft., Bhim Tal, 4450 tt , and 
Naukuchia Tal, 4200 ft , Kiunaon, W. Himalayas (Dr. S. Kemp 
coll ) , (<j), (/), (g) Jamkpur, Chitauni, and Chukei Mukei, Nepal • 
(A) Igatpun, W Ghats, Bombay P ; (^) Pun, Orissa (Dr. N. 
Annan dale coll ) ; (;) Bagra, Hoshangabad Dist (Dr. F. H. 
Qraveley coll.) ; (jc) Bhandardalia Bed, Murshidabad Dist. (Dr. T. 
Southwell coll ), (Z) m aud about Calcutta (Dr. N. Annandale, 
Dr. F. H Graveley, Mr. E. Hodgait coll.). 
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21 h. Hemiclepsis margmata, 0. P. Muller, subspecies asiatica, 
Moore, 1924. (Pig. 35 ) 

Moore (1924, p 359) describes a subspecies of H&nnclepsis 
margmata which he names a8%aUca and states to be the most 
abundant and generally distributed of the O-lossiphonidsB in 
Kashmir. He regards this as a form intermediate between the 
typical H, margmata of Europe, with its four well- developed eyes, 
and Oka’s species, H, casmiana, from China and Japan, which 
has only two eyes, but resembles the subspecies •asiatica in colour 
and doi sal pattern. He suggests, further, that H. margmata should 
be divided into three subspecies, viz. margmata^ representing the 
typical form, cas^nnana the Par Eastern form, and asmtica the 
form described here. Tins suggestion, as far as the Indian region 
is concerned, has been adopted in these pages. 


I 



Fig. 36 — EemicUpsis tnargiiiata, subsp cmatica^ Moore, 1894 (After Moore.) 
Doisal view of heod-regiou showing eyes and annulation. Somites num- 
bered in Roman, and rings xn ordinary figures 

The subspecies asiatica closely resembles the typical subspecies 
margmata already described, but differs from it in certain constant 
characteis of which the most important are given below. [Not 
having seen the subspecies, it is proper that I should here acknow- 
ledge my mdebteduess to the n ork of Moore (loc cit.)^ which has 
been my only source ot information.] 

(1) The first pan ofc eyes are closely approximated, and so 
minute that they may easily escape observation. They generally 
lie immediately lu trout of the conspicuous and more widely 
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separated postenor pair of eyes, on the anterior ring of somite 
III, but sometimes are placed farther forward and appear m 
somite II. In some cases they may be m contact with the 
posterior pair of eyes, and even apparently obhterated. 

(2) The annulation in asiattca is considerably reduced. Somites 
T and II are uniannnlate and III is also typically uniannulate, 
consisting of a broad iing, which, however, may show signs of 
subdivision dorsally, behind the eyes. Somite IV is biannulate 
and V 18 tnannulate dorsally, its first and second rings fusing 
ventrally to form the free posterior edge of the anterior sucker. 
Somites YI-XXII ai^e complete with three rings ; XXIII is stiJl 
triannulate, but with the last ring reduced, XX T V is usually 
biannulate, and XXV-XXVII are uniannulate and progressively 
smaller, 

(3) Colour (in alcohol) reddish-brown, paler towards the 
extremities. The median senes of spots often coalesce to form a 
more or leas distinct longitudinal pole yellow band , the spots on 
the sensory rings, again, tend to spread laterally, foiming broken 
or sometimes contmuous pale yellow transverse stnpes. 

DimAnsions and Habitat — The size of the largest example is 
given as 16*3 mm m length, with a maximum width of 6 mm. 
All the members of this subspecies are recorded from Kashmir, 
chiefly from alow-running streams. 


Genus PAEACLEPSIS, Harding, 1924. 

Glosaiphomdss of medium size, with three pnars of eyes First 
and second pairs on two consecutive nugs, second and third 
pairs separated by two riuga. Complete somite formed of three 
rings. Mouth-opening subtermmal, leaving the anterior sucker 
imperforate The crop (or stomach), has more than seven pairs 
of lateral diverticula. 


22. Paraclepsis prcsdatrix, Harding, 1924. (Plate 11, figs. 11 & 
12 , and fig. 36.) 

The ovate-acuminate body is smooth below, but has a roughened 
or crustaceoiis dorsal surface due to numerous small papillse 
closely set. on every nng A senes of larger dorsal papill© are 
present on the middle ring of each somite, and these consist of 
three paara, occupying respectively a paramedian, an intermediate 
and a paramarginal position The head-region is separated from 
the rest of the body by a slight constriction. 

I am indebted to the late Dr. Annandalefor the loan of a water- 
colour drawing of a living individual collected by him and also 
for the following description of its coloration ; — “ Semi-opaque 
pmkish-white, profusely ornamented with dull green pigment- 
cells on the dorsal surface. On tlie anterior and posterior thirds of 
the body these cells formed a broad and somewhat irregular longi- 
tudinal band, interrupted along the middle by a colourless line , a 
transverse colourless line ran across the body 3 ust beliind the 




Fig 36 — Paraclepsis pradatnxj Harding, 1924 Diagram showing external 
features, leproduetive system, ulimeiitary tract and ventral nerva-ganglia. 
Some of the paired oigans are shown on one side only, in order to obtam 
clearness Somites numbered in BiOman, and rings in ordinary figures, 
mth Mouth-opening prh Proboscis BoZg Salivary glands st Sto- 
mach znt Intestine Tt Eieotum ctn Anus c Ejaculatory canal. 
t,p Its terminal portion ves sern, Vesicula seminalis or seminal reservoir 
DOBdef Vas deferens te Testis agni Autenor ^ngbonic mass. 
p g Til, Posterior ganglionic mass, gang A ganglion of the ventral chain. 
(After Harding ) 
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‘bead,’ which was profusely covered with green pigment-cells. 
On the middle of the body the pigment- cells were arranged in a 
comparatively narrow stripe, still iiiteriupted longitudinally, but 
giving rise to transverse bars, which were expanded and pro- 
liferated at their free extiemity m such a way that a kind of 
network was produced The posterior sucker bore faint, radiating 
green lines.” 

Antenoi sucker with the characteristics of the genus and 
having its intenor surface nhbed , resembling m this respect the 
tip of the human finger. Posterior sucker centrally attached and 
rather less m diameter than the greatest width of the body. It 
hears a series of subniarginal papiUss. 

Rings 73, of which two are preocular Ring 71 is double at 
its mat gins, but is not divided throughout. 

Somites I, m, XXIV, XXV, XXVI and XXVII biannulate; 
II uniannulate; the twenty somites IV-XXIIII complete wuth 
three rings. 

The three pairs of eyes are disposed in tw o subparallel rows- 
The first and second pans he respectively m rings 3 and 4 , the 
third pair, separated from the others by the space of two annuli, 
he in ring 7- 

The male genital orifice is situated between nngs 29 and 30» 
that IS, between somites XI and XTI , the female orifice lies two 
rings behind the male, between rings 31 and 32, m somite XII. 

The reproductive organs and alimentary tract are represented 
schematically in fig. 36. Large sperm reservoirs connect the vasa 
deferentia with the ejaculatary canals and descend to about the 
fifteenth somite. Having reached its lowest point, each vesioula 
returns upon itself, and the ascending and descending portions 
are closely united for a considerable distance The ovariea 
consist of paired simple sacs. The crop or stomach arises within 
the posterior margin of somite X. Its anterior portion expands 
hi-symmetricaLy hut somewhat irregularly, and it is not until the 
twelfth somite is reached that the typical Q-lossosiphooid type of 
diverticula appear. 

The salivary glands take the form of compact bunches closely 
resembling the same features m Placohdella, 

The anus opens between the seventy-second and the last ring. 

J!)ime7mon8 . — Large individuals (in alcohol) attain a length of 
about 16 5 mm. and a width of about 4 mm. 

Jffosts and Edbitat — The only host noted is lUmyda gianosa 
vittata^ and the leeches were found either upon their host or in 
ponds and pools frequented by this freshwater tortoise. The 
materia], chiefly collected by the late Dr. Annaudale, came from 
the following localities — 

{a) Tanjore, Trichmopoly District, S India; (6) Baugaloie^ 
S. India, altitude circa 3000 ft , (c) Kalka, at base of Simla 
Hills, altitude 2400 ft. , (d) Puruha, Manbhum District, Chota 
Nagpur Div , Bengal ; {e) Selai Kusi, Magaldhai, Assam ; 
(/) Igatpuii Lake, W. Ghats, Bombay Presidency. 
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23. Paraclepsis vulnifera, Harding, 1924. (Fig 37.) 

Description . — Body ovate-acuminate, with a somewhat rough.- 
ened dorsal surface, due to the presence of numerous minute 
papillae on every ring. (Accurate observations of papillee and 
colour were prevented by the macerated state of the material ) 

Head -region continuous with the body Antenor sucker with 
the characters of the genus. Posterior sucker centrally attached,, 
small, and less m diameter than half the greatest width of the 
body. 

Bings 70. Emgs 2 and 29 aie double at them margins, but not 
entirely divided. Kings 7 and 8 unite below to form the first 
ventral annulus. 

The first somite is uriiannulate, and the second is represented 
by the anterior part of ring 2 containing the first pair of eyes 
Somite III includes the posterior part of ring 2 together mth 
ring 3. The twenty somites IV-XXIII are complete with three 
rmgs, and XXIV-XXVII are represented by the last 7 rings. 

The three pairs of eyes are disposed m two subparallel rows^ 
The small first pair are closely approximated in the antenor 
part of ring 2 (and may easily be overlooked) , the second and 
larger pair lie in the postenor part of the same ring, and the 
third and largest pair are situated somewhat wider apart, m 
ring 6. 

The male genital orifice opens between rings 27 and 28, that 
IS, between somites XI and XII ; the female orifice is separated 
by two rings from the male and lies between rings 29 and 30, the 
second and third rings of somite XII. 

The reproductive and alimentary systems are shown lu fig 37* 
The large vesiculas seminoles seen in P. prcBdatnx are absent 

The salivary glands and crop bear a close resemblance to the 
same features in P. p? cedatrix. The crop arises in the antenor 
part of somite X. The anus lies between rings 69 and 70, being 
separated by one ring from the posterior sucker 

Size — ^Length about 14 mm. , width about 8 mm. Living 
individuals probably attain a greater length. 

Host and Habitat — A note enclosed with the leeciies states 
that they were taken from the branchial chambers of freshwater 
crabs {Paratelplmsa sp ) at Mauganaltur, Tan 3 ore District, kladras 
Province. They had been sent bv Mi Ballard, Government 
Entomologist, Madras Province, to Dr. Guy A K Maishall^ 
0 M.G., Director of the Imperial Bureau of Entomology (Oolomal 
Office), who was good enough to place tlie mntenal at my 
disposal 
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Fig 37 — Paraclepm vulnifera^ Harding, 1924 Diagram showing external 
features, reproductive system and alimentary tract. Somites numbered 
in Eoman, and rmgs in ordinary figures mth Mouth-opening prb 
Proboscis sal g Salivary glands st Stomach %nt» Intestine rt 
Rectum an Anus c" Ejaculatory canal tp. Terminal portion of 
ejaculatory canal vas d, Vas deferens Ov Ovary (one ovary only is 
ahown, for the sake of olearnessl. gang A ganghon of the ventral chain 
(After Harding ) 
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« 

Family ICHTHYOBDELLlDiE. 

Genus BBANCHELLION, Savignj, 1822. 

This genus is repieseuted lu the waters of both hemispheres^ 
and although no speeies of B) anchellion has so far (1926) been 
recorded from the Indian Eegion, it seems likely that such a 
record will eventually be made. The following diagnosis of this 
genus, therefore, will not be without interest here — 

Marine IchthyobdellidsB parasitic upon fish. Body divided mto 
two distinct regions : a short anterioi “ neck and a long posterior 
“abdomen,” with paired, lateral, foliaceous, non-digitate branchiae 
and pulsating vesicles Complete somite foimaed of thiee rings. 

(?) Trachelobdella species 

Moore (1 924, p 306) refers doubtfully to the genus Traclielo- 
bdella a small leech in the collection ot the Indian Museum which 
was not in a sufficiently good state of pieservation for satisfactory 
determi nation Ttie species, which is stated to have been taken 
off the Pier, Boss Island, Andaman Islands, m 1915, is described 
as being nearly 10 mm in length, witli a very large posterior 
sucker, a wide, broadly ovate anterior suckei, and with traces of 
a pair of eyes and also of pulsating vesicles. 

Family GLOSSIPHONID^ 

(?) Placobdella gracilis, E. Blanchard, 1897. 

A single imperfectly preserved specimen of a leech in the 
Indian Museum collection, about 5 mm. long, found at jN'aiidi, 
Mysore State, upon Limnacea acrnmnata^ is referred with some 
hesitation to this species by Eaburaki (1921 (6), p. 702) The 
original examples of this little species described by Blanchard 
(1897, p. 334, fig. 2) came from Buitenzorg, Java, where they 
had been taken from the branchial chamber of a freshwater 
crab {Paratel^phusa sp.) 

(?) Placobdella parasitica, Say, 1824. 

Oka (1922, p 529) assigns “ with much doubt ” to this species 
a single, small and contracted specimen of a leech found upon 
Ta%a shan&ixs^Sy Kohelt, in a canal on the western side of the lul^ 
Lake, S Shan States, Burma. It was not deemed advisable to 
cut this single individual mto sections, and after comparing it 
with the detailed desciiptiou of Qloss^Jphoma (Placoldella) paror- 
sitica given by Castle (1900, p 51), Oka states that “it is certainly 
immature, and it is difficult to ascertain whether the slight but 
obvious discrepancies existing between this specimen and typical 
P. parasitica aie due to difference in age or to specific 
distinctness.” 
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J. PERCY MOORE. 

INTROBUOTION. 

Synonym O-nathobdellsB. 

The jawed-leeohes or leeches without a proboscis. 

Ikagnosis , — No protruaible proboscis, tJie pharynx being fixed 
and nob surrounded hj a space enclosed in a proboscis-sheath , 
pharynx provided with longitudinal ridges, the median dorsal 
and paired ventro-lateral typically terminated by toothed jaws. 
Cephalic sucker scoop-shaped, not widely expanded, with a deep 
eitU chamber, at the caudal end of which is the mouth. Blood 
red. Reproductive system complex, commonly with oopulatory 
organs Complete somites usually or fundamentally five-ringed. 

In this suborder the Hirudinea may be said to reach their most 
complete and perfect expression. Here belong the typical leeches 
— those fuUy adapted to a sanguivorous or a predaceous habit, 
and, with a few exceptions, all of the largest forms, as well aa 
those most intimately affecting human welfare. They are fresh- 
water or terrestrial, never, so far as known, truly marine. 

External Oharact&risUcs (fig. 38, p 98). — The size vanes from 
a length of about an inch to a foot or even eighteen inches, the 
largest being an inch wide. Most of the species fall withm the 
hmits of two to SIX inches when normally extended. 

Although javved-leeches are individually veiy mobile and many 
are capable of a wide range of extension and contraction from a 
slender, linear, to a pyriform or egg-shape, the /orm is remarkably 
constant throughout the group In a normal state of partial 
extension they are moderately depressed and regularlv lanceolate- 
ovate, broader at the caudal end Rarely they are oylindroid, or 
sub-cylmdrical, never foliaceous, as are many Q-lossiphonidaB, or 
conspicuously divided into regions, as in some Ichthyobdelhd©,. 
and none are known to bear gills or pulsatile vesicles, as also 
m the latter. 

The texture differs widelv • some, like certain land-leeches and 
Erpobdellidffl, are so muscular and hard that they shp through the 
fingers like eels ; others, like Hoemopis and Myxohdella, in which 

H 




Fig 38. —Diagram of general anatomy of a typical ten-eyed leech (Hirudidfle) 
based upon Sivudinaria {Totcmhddla) granulosa. The aomitee are 
indicated by the eupra-marginal aensillae shown by elliptical outlines at 
the Bides and by the l^man numerals About twice natural size. a . , anus , 
at i atnum , o. 1-10, gastric oeeca, de, ductus ejaculatonus, sjd , epidi- 
dymis, g , stomach, g,a , glandula albuminigenia, t , mtestine , nerve- 
cord with ganglia , np 9-17, nephridia , o,, ovary , od , common oviduct , 
jpih , pbarjTix, pr , prostate region of atrium, jps., pems-aao of atrium, 
t, 1-11, teetes, va d , vaginal duct, v.c., vaginal osBOom , v d,, vas deferens 
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the muscles are l0>a developed and the botryoidal and paren- 
chymatous tissue abundant, are soft and flaccid or oedematous, 
and when picked up may hang as an inert, shapeless mass. 

The cephalic sucker is ot moderate size, never widely expluiiate, 
but musculai and mobile and capable of extension and involution. 
The tree anterior part or lip is more or less scoop- or spoon- 
shaped, passing caiidally into a complete buccal ring with a deep 
oral chamber, which is coextensive with the mouth (Erpobdellidas) 
or terminated by a transverse muscular septum (velum), perforated 
m the centre by the tiiaugular mouth. Theie is often a narrow 
imsegmented run, excepting which the dorsal or conyex face of the 
sucker is annulated and metamerio The ventral or concave face 
IS smooth, tessellated or furrowed, and in some genera is divided 
by a median longitudinal fissure Many ot the Jand-leeches 
possess a pair of membranous trills or lobes immediately within 
the buccal ring, at the base ot which the first pair of nephrulia 
may open The head is richly supplied with eyes, touch-organs 
and taste-organs As a whole it serves as an adhesive, locoinotory 
and ingestive region, while the hp is chiefly preliensile and 
sensory 

The caudal sucker is well developed as a simple, highly muscular 
disk m all except tiie burrowing genus Lumbncohdella It is bent 
beneath the anal legion and directed chiefly veiitrad. While it 
does not reach the size and depth ot certain ot the Ichthyobdellidee, 
in many of the more atuctly parasitic aud sanguivorous genera it 
attains a very largo size, while in the strictly predaceous and 
scavenger ftirms it is usually small aud sometimes \ieak The 
ventral face is often provided with radiating ridges ending m 
marginal papillas, and the dorsal surface may be roughly tessellated, 
especially in Indian Hiiudidm. The sucker is a powerful organ 
of adhesion, serving for attachment aud locomotion. It is pio- 
vided with interlacing circular, radial and oblique muscle-fibres, in 
addition to the powerful erector aud depressor muscles that join 
it to the body. 

As m otlier leeches, the thirty-four somites are grouped in five 
regions^ With the exception of the first and last, constituting the 
just- described suckers, these regions are not sharply distinguishable 
externally, the principal cliaractenstics being found m the degree 
of development ot the annuh Those of the cephalic and caudal 
regions are mostly uiiiaimulate, but some of the former are bi- 
anniilate or triminulate Those ot the middle body are all or 
nearly all fully developed and complete, and those ot the pie- 
clitellar and auiil regions ore trausitional m development 

Internally there are many distinctive regional features of 
organography, especially m the nervous, digestive and repro- 
ductive systems. The cephalic region is characterized by concen- 
tration ot the six neuroineres m a post-buccal mass, the inclusion 
of sucker, eves, mouth, jaws or then equivalent, and the absence 
of definite nephndia In the second region or preclitellum the 
three ganglia are distinct but not widely separated in agreement 

h2 
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with the intermediate state of development of the segments, the 
digesti\e tract contributes the pharynx and in some cases an 
oesophagus, and the antenor two pau's ot nephridia occui. 

The middle region is by far the largest and most highly 
elaborated. It is especially characterized by the presence ot the 
reproductive organs, the regularly paired and metameric nephridia^ 
the widely-spaced ganglia of the central nerve cord, each aligned 
with the neural annulus of its somite, and by the inclusion ot the 
entire storage and digestive region of the alimentary canal, 
comprising the stomuch and intestine. It may be furthei divided 
into the olitellar and post-clitellar subregions. The first embraces 
somites X to XIII, and includes the terminal organs of the repro- 
ductive system as well as the single pair of ovanea, the clitellum, 
and various accessory organs, probably related to copulation, such 
as copulatory glands, oopulatory areas and conducting tissue, and 
copul atory pits. The gastnc cmca of this region are usually small 
and irregular. The post-chtellar region is pre-eminently the 
digestive region, in which the gastric caeca are highly developed 
and when filled displace the other organs and distend the body to 
many times its normal size Except that the first pair may he 
partly or wholly withm somite XIII and in many Erpobdellidae 
all are scattered, the testes are placed intersegmentally m the 
muscular septa throughout most of this region, which also 
accommodates then* ducts and m some cases other parts of the 
reproductive oigans. 

The anal region is a short transitional section of three incom- 
plete somites with distinct but approximated ganglia, and contains 
the rectum and anus but no nephridia. Its chief function is to- 
serve as the peduncle ot the sucker, which exclusively constitutes 
the last or caudal region 

When complete and well-developed the clitellum usually extends, 
as a more or less continuous, thick layer of unicellular hypodermal 
glands, over three full somites or fifteen annuli, beginning with 
the fouith annulus (6 6) of somite X and ending with the third 
(a 2) of somite XIII. In some cases it extends beyond these 
limits, partially involving one or both of the contiguous aimuh 
anterior and posterior, increasing the number to sixteen or 
seventeen. More frequently its extent is reduced, and sometimes 
the glandular areas are restricted to the ventral surface, oi even 
to areas adjacent to the gonopores While the clitellar legion 
usually differs in colour and texture and is somewhat swollen and 
smoother than the neighbouring segments, the glandulm coat 
seldom obscures the annulation. 

The gonopores or external genital onfices are invariably median, 
the male m advance of the female. With few exceptions they 
open withm the limits of somites XI and XII respectively, but 
rarely both may he within XTI, as is frequent with the Erpobdel- 
lidro, or the male pore may be shifted into X and the female into 
XTTT In. the ErpobdellidsB the orifices are usually separated by 
Vom two to four annuli.but maybe further apart In the Hirudid» 
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by far the greater number of species have five full annuli mter- 
vemng, but the number may be as few as two and one-half or as 
many as thirteen. Moat frequently the gonopores open in the 
furrows, but may be situated within the annuli. The maie gonopore 
IS rounded or in the form of a tians verse slit with more or Jess 
swollen, furrowed lips, upon which glands may open. It may lie 
withm a disk or a more or less prominent papilla, or raiely m a 
depression or even in a pit lu the Hirudidee a fihform penis 
may protrude. The female gonopore is usually smaller and a 
simple round orifice, flush with the surface, but may be sht-Jike 
and either elevated oi depiesaed. Accessory copulatory organs 
take the form of special adhesive glands opening by pores or pits 
disposed in considerable variety on the ventral surface of the 
ohtellar region and in some cases forming rather complex reciprocal 
systems The only known Indian Arhynchobdellid leech posses- 
sing such structures is Barlroma wehen 

The nepliropo) es or external openings of the nephridia aie very 
constantly seventeen (they may be sixteen or nineteen) pau’s 
opening ou the caudal border or within the following furrow of 
the second annulus (6 2) of somites YIII to XXIV inclusive In 
the true land-leeches (liaemadipsinae) they he close to the lateral 
margins, while in all other Arhyuchobdellse they are nearly lu the 
line of the ventral intermediate sensillas In the land-leeches 
also, the ducts of the first pair may be earned forward into the 
head to open at the base of the buccal lobes, and the last pair open 
either on the ventral face of the anterior lobe of the auricle, which 
18 borne on XXIV « 2, or more rarely by a ventral median pore 
common to both nephndia. 

The typical complete somite characteristic of nearly all members 
of the Aihynchobclellse is five-ringed This is especially true of 
the aquatic Hirudidro, but the land-leeches include genera having 
from three to seven amiuh in the complete somite. With rare 
exceptions these annuli are of approximately equal length. In the 
ErpobdeJhdsB, on the other hand, elaboration, especially of the 
post-sensory region, leads to the frequent development of six, 
seven, eight or nine annuli, often of very unequal length. In the 
higher multiples, annuli o£ every order from the first to the fouith 
may be present togethei. In such cases the sensory annulus may 
remain uudivided and the posfc-aensory include as many as three 
teitiary and two quaternary annuli Towards the ends of the 
body every stage tiom the uniaimulate to the complete somite 
will be found Additional details are given in the section relating 
to annulation, which applies to the Hirudinea as a whole. 

While the integument of many leeches is smooth, others have 
it marked out into subquadrate or polygonal areas by numerous 
short wrinkles passing between the true luterannular fun'ows. 
These are more or less cleaily related to the distribution of the 
non-metameric sense-organs and papiUsa, As a rule each area 
includes either a single sense-organ or a group consisting of a 
laiger or more prominent central sense-organ with smaller ones 
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clustered about it, Trequently they are elevated on papillse, nv 
which case the integuments may be rough and haish, ou pieaerved' 
specimens at least 

lu this suborder cutaneous papiUee, while sometimes well 
developed, nevei reach the large size which they attain in many 
Erhynchobdellffl. These sense-organs are partly tactile, paitly 
responsive to chemicals and partly hght-perceiving They occur 
on every annulus, both dorsally and ventrally, and are usually 
arranged in an irregular line across the middle of the annulus or 
111 two or three such lines, indicating the composite moiphological 
value of the annulus. 

Tlie segmental sense-organs or sensillce are of great interest, 
partlv because of llieir value as indicators of metamerism and 
somite liiiuta, partly because of their high degree of development 
and partly because of tlieir modification into true eyes at the 
cephalic end. The senaillse are confined to the sensory annuli, 
and their presence makes it possible to distinguish these annuli 
throughout the length of the body. Typically there are four 
dorsal pairs, named from the meson laterad : paramedian, inter- 
mediate, supra-marginal and marginal, and three ventral pairs, 
similarly named paramedian, intermediate and submarginal. The 
ventral paramedians are much more widely separated than the 
dorsal paramedians * ** Ploinologous sensillm form metamenc senes 
along a line bearing the same name 

These lines separate longitudinal areas or fields which are 
named after the line bounding them medially. Adding median 
fields, we have dorsal median, paramedian, intermediate, supra- 
marginal, subinargiiial, ventral intermediate, ventral paramedian 
and ventral median fields Por brevity these are sometimes 
designated as A to H respectively, though these symbols have 
been employed but little in the ])re'»ent paper The use of this 
terminology in conjunction with the notation of the annuli makes 
it possible to describe exactly the position of a colour-marking, 
sense-organ or other surface structure, and to indicate the relative 
distances apart in fractions of the total circmnl'erence of each two 
sensillee, the number of longitudinal muscle bands or the number 
of surface areas or cutaneous papillsB in the width of each field, 
and other characters ot diagnostic value. 

Not infrequently particular sensilloe are divided into two or 
three small ones, oi one may be absent or in a changed position, 
hut such cases are obviously indi vidual lariations. More confusing 
is the fact that all sensilles may be retracted and nearly or quite 
invisible on one specimen, and on another of the same species 
raised prominently on papillse On living leeches they usually 
appear ns small round, white or diaphanous spots, especially 
conspicuous if on a dark background. Those on the dorsal side 
are larger than the ventral, and they are especially large and 

* Somewhat different terminol^ies have been employed by Whitman, 

Apathy, Livanow, si al. Consult Hording, Klnnchobdellie, p 16 
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prominent in. the land-leecbea and tbe Hirudinarza group, and m 
the latter are elliptical in form. In the Erpobdellidsa metameric 
eensilJsB cannot oriinanly be distinguished from the non-metameric 
sense-organs that occur on every annulus In structuie the 
sensiJlfiB are aggregations of columnar cells beanng sensory hairs 
and often lududiug a few visual cells. They are much simpler 
than the es and larger than the scattered iion-ruetanienc sense- 
organs 

In the ArbynchobdellaB, true eyes are confined to the cepliahc 
end. They aie glorified senaillse, of especially large size m the 
land-leecheSj aud consist of a colourless transparent epithelial 
lens, a nerve-axis and optic ganglion surrounded by a tubular 
sheath of visual cells each containing a vitreous body, and, 
enclosing the whole, a dense pigment-cup. They are directed at 
various angles with the body axis — forward, sideways and back- 
ward — to receive beams ot light along their visual axes. In the 
Hirudidee there are almost invariably five pans forming a regular 
arch on somites II to VI, suggesting the name of ten-eyed 
leeches, but some of the burrowing forms present variations of 
this plan. Anterioi sensillss may be transitional and include 
visual cells and pigment. The first pair of eyes of most Hn'iididas 
belongs to the paramedian, the others to the intermediate series. 
The Erpobdellida are more variiible. They may lack eyes altogethei', 
but most species possess three or tour pairs in two gi’oups, one on 
the dorsum of the hp, and the other on the sides of the buccal 
region. Two Indian species have additional eyes in the sub- 
marginal senes of the posterior cephalic and tbe preclitellar regions, 
and other peculiar arrangements occur in certain South American 
burrowing forms The eyes are not tiuly visual organs, as they 
probably form no images but are phototactio or hght-perceiving 
organs. 

Internal Anatomy (fig. 38, p, 98). — Unlike most of the Oligo- 
chffita and Polychseta, m which the body-cavity is spacious and 
regularly divided by septa, the ccelome of leeches and especially of 
the Arhynchobdellse is largely obliterated and reduced to a complex 
system of spaces surrounding the principal organs and of sinuses 
or lacunas forming part or, according to some zoologists, all of the 
vascular system This is due mainly to the great development 
of muscular, botryoidiil and parenchymatous oounective tissues. 
Both tbe septa and the body-walls become thereby greatly thick- 
ened and the body practically solid. The botryoidal tissue is a 
peculiar vascnolated and pigmented tissue the exact relation of 
which to the organa of excretion and circulation is still contro- 
versial. The musaulatuve is complex, consisting of a thin layer of 
obhque fibres running both ways at an angle of nearlv forty-five 
degrees to the body axis, a thicker layer of circular fibres and a 
much thicker layer of longitudinal fibres In addition there are 
longitudinal and transverse sheets and strands of vertical muscles. 
All of these become modified and further complicated at tlie ends 
of the body, especially in the suckers. 
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The digestive tract is divided into an oral chamber, buccal sinus, 
pharynx, cesophagiis, stomach, intestine, lectum and anus. 

The oral chamber or vestibule is the cavity ot the cephahc sucker, 
bounded above by the over-archmg lip aud enclosed behind by 
the buccal ring. The margin of the hp is richly provided with 
so-called goblet-shaped organs, generally considered to have a 
gustatory or cheinotactic function, and with tactile sense-organs. 
As a whole the cephalic sucker is an organ of attachment and 
mgestion, as has been desciibed already. In the Erpobdellidm, 
which swallow worms and insect larvee entire, it is not delimited 
from the large mouth, which opens through a scarcely noticeable 
buccal sinus directly into the pharynx A very similar condition 
exists m many of the predaceous Hirudides, but with the buccal 
sinus better developed. lu such forms the name upper or pro- 
stomial lip applied to the fiee, prehensile portion of the sucker is 
appropriate In the true sanguivorous Hirudidse the oral chamber 
18 separated from the buccal sinus by a transverse muscular fold 
or velum, in the centre of which is the relatively small, but ex- 
pansive, tnfid or triangular mouth, the median dorsal angle of 
which 18 often continued mto a posterior median fissure on the 
roof of the oral chamber. 

Immediately posterior to the velum is the annular huccal sinus^ 
m which the pharynx ends, and the jaws, when present, he In 
the latter case there are three deeper crypts which accommodate 
the jaws and conceal them when at rest. When the jaws are 
functioning they are protruded prominently into the oral chamber, 
the mouth being stretched and the velum retracted to three tri- 
angular lobes, to permit their passage. One of the most distinctive 
characteristics ot the suborder, upon which both of its names are 
based, is found in the structure of this region, the presence of 
jaws suggesting one and the restricted size of the buccal sinus, 
precluding the development of a proboscis, the othei. In the 
Archynchobdellffi the buccal sinus is limited to this shallow space, 
into which the extreme anterior end of the pharynx, including the 
jaws, projects The pharynx is therefore fixed and immovable, or 
relatively so In the Rhynchobdellss, on the contraiy, the sinus 
18 continued caudad, completely surroundmg the pharynx for its 
entire length and forming an extensive peiipharyngeal chamber 
in which the pharynx moves freely as an extensile and protrusible, 
muscular proboscis. 

Definite jaws are absent in the Erpobdellidas, but a few genera 
{Bavhroma^ OdoniohdellcL) possess vestigial jaws bearing sohtaiy 
styliform teeth. pseudognathce^ present in most members of 
the family and especially large in Trocheia and related genera, are 
small epithelial and muscular remnants of the velum. In the 
Hirudidffl also the ]a\vs may be obsolete or obsolescent, but more 
usually occur as definite compressed muscular lobes terminating 
the three principal pharyngeal folds (dorsal and ventro-lateral). 
In their highest development {Hiruflo) they become prominent 
projecting ridges with a semicircular profile and are largely 
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detached from and independent ol: the pharyngeal folds Rarely 
the median dorsal jaw diaap pears, leaving the ventral pair only 
(Moquinea). The jaws may be entirely smooth and edentnlons, 
provided with a tew irregular chitinoid plates, or bear true 
chitiiioid or partly calcified teeth (denticles). The teeth may form 
a single senes {monosticliodont) along the summit of a compressed 
ridge, or a double senes (distichodont)the points of which meet at 
the ridge. Occasionally they are partly monostichodont and partly 
distichodont, indicating that the latter type of tooth is derived 
from the former by the separation of their bilobed bases. Usually, 
the salivary glands open on the ridge between the teeth, but m 
Limnatis^ Eirudinarta and related genera they open on little 
button-shaped papill© scattered over the flanks of the jaws. The 
jaws are built up of radial and transverse muscles which alter 
their shape, and are provided with central rotator (adductor) and 
peripheral rotator (abductor) muscles In action they are pressed 
firmly against the skin of the animal attacked, and opeiate sorae- 
tlnijg m the manner of a circular saw. They rotate back and foith 
from and toward a centre, cutting a delicate tiifid incision fiom 
which the blood flows freely when the flaps aie lifted by suction. 
The saliva, which is ponied into the wound and mixes treely with 
the blood, contains a brnmolysm (hirudin), which prevents coagu- 
lation and facilitates the blood-flow. This agent is extracted from 
the salivary glands and employed in surgery and, especially during 
the Woild War, wh^n the supply of European leeches was cut off 
the leeches of India were a source of supply 

The phai'ynjtf (fig. 38, pli ) is essentially a muscular organ 
In the Emobdelhda it is elongated and tubular, reaching to 
somite S/rf- even to XIII in the genital region. It is triangular in 
crosa-^<imiion, owing to the airangement of the bundles of longi- 
tudjrifal muscles, except at the anterior end, usually in a ventral 
aim a pair of dorsal, or less commonly a dorsal and pair of ventral, 
ridges, surrounded by a thick layer of circular muscles. The 
walls of the pharynx aie practically continuous with the thick 
musculature of the body-walls, so that the whole forms a powerful 
crushing apparatus that is no doubt effective in preparing for 
digestion the small invertebrate animals that these leeches 
swallow whole. In the true sangnivorous leeches (monostichodont 
Hiiudidse) the pharynx is short and bulbous, usually confined to 
yil and Vm, and characterized by the great development of 
radial muscles connecting it with the body-wall. It is due largely 
to these divancator muscles that its function as a suction bulb 
depends The predaceous distichodont Hirudides present an 
intermediate condition, the pharynx being more elongated and 
extending to X, but somewhat bulbous. The radiating muscles 
are well developed and the mucous lining is thrown into six, nme 
or twelve longitudinal folds and at the caudal end, at the junction 
with the cBSophagus, into a circular valve-1 ike fold The principal 
longitudinal folds are dorsal and ventro-lateral, and terminate 
m the jaws, when present. They may be flunked on each side 
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by smaller folds, making three sets of three, and alternating with 
these there may be three simple folds, or twelve m all. The 
salivary glands are bundles ot unicellular glands, often of consider- 
able size, lying at the sides of tlie pharynx, along which their 
ducts proceed to empty on the jaws as described above 

!No definite o&aophagus exists in most of the ArhynchobdellsB, but 
merely a short, narrow, anterior section of the stomach preceding 
the C 80 ca. The stomach {gg)^ often called the crop^ on the other 
hand, is by far the most extensive and important region of the 
digestive tract, and m its varied development offers valuable 
taxonomic characters It reaches from the pharynx m IX or X 
to XIX inclusive. In the Erpobdellidse the stomach is a stiaight, 
thin-walled tube with inter-inetameric constrictions and annular 
valves dividing it into a senes of simple chambers without cseca. 
Harely a pair (or a single one) of small, simple caeca arises from 
the last chamber m XIX, but usually there is no trace even of 
these In the distichodont Ebrudidse the stomach differs little 
from that of the Erpobdellidse, except that the chambers aie often 
more expanded, or even somewhat pouched, and the teiminal ceeca 
arising in XIX are always developed and extend caudad beside 
Tihe intestine through several segments. The stomach attains ita 
greatest development in the blood-suoking Hirndidse. In these it 
serves chiefiy to store the ingested blood, whence its designation 
as crop It reaches from somite IX or X to XIX inclusive, and 
consists of a metameric senes ot axial chambers separated by 
inter-segmental constrictions and bearing pairs of lateral cseca. 
These C£Eca (c. 1-10) begin m X, and the pregenital pairs ars usually 
small and irregular, the post-genital full} developed. Each 
chamber may bear a single pair, usually followed by a short pouch,, 
or there may be two pairs ot cssoa, in which case the anterior is 
generally the larger, though they may be nearly or quite equal. 
They may be simple, slightly lobed or complexly branched, and 
the larger cieca may reach caudad into the next segment. The 
last pair, arising in XIX, resembles those of the piedaceous- 
Hirudidaa in being lefiexed, but they are more extensively 
developed, reaching into XXIU, XXIY or even fartlier, and they 
are simple, lobed or branched according to the plan of the 
preceding caeca The whole torma a spacious system for storing 
blood, thin-walled and capable of great distension Many leeches 
will ingest at a single meal several times their weight of blood. 
After feeding they seek concealment in the dark, and remain quiet 
for from one to six months duiing fhe slow process of digestion. 
Indeed, leeches will live for upwards ot a year without feeding 
Tlhe intestine {z ) is not always clearly differential ed from the 
rectum. It is a short, straight tube without cseca, such as occur 
in the lihynchobdellse, extending through the four somites XX to- 
XXIII inclusive. In the Erpobdellidas, while perfectly simple, 
it usually has a greater diameter than the stomach. In the 
predaceous Hirudid© it is more or leas sacculated or chambered^ 
the first chamber being especially distinct both in form and 
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Btnicture. The sanguivorous Hirudidse have this first chamber 
clearlv differentiated as a blood -digesting organ, which many 
zoologists designate the stomach, and which is probably func- 
tionally such. The rectum is a simple tube ending at the anus. 

The re'productive organs aie most important for taxonomic 
purposes. All leeches, so far as known, are hermaphroditic, and 
insemination may be reciprocal 

The male organs are most extensive, the terminal organs lying 
anteiior, the testes posterior, to the female organa. Except for 
the minute subdivision of the testes, the simplest condition is 
found lu the Erpobdellidee, which closely resemble the Q-lossi- 
phonidffi. In the arrangement of the testes the genera fall into 
two groups. In one thev are disposed as in other leeches in 
regular intersegmental pairs, usually twelve in number, from 
XIII/XIV to XXIV/XXY inclusive, each coiiiiected by a short 
duct with a slender common vas defei ens lying ventro-laterad of 
them. In the other group the testes are minutely subdivided luta 
numerous (as many as sixty on each side of a somite) small ovoid 
bodies filling a large part of the entire length of somites XYIII 
(rarely XIV) to XXIV laterad of the digestive tract and 
sunounding the central stem ot the vas cleteiens like an elon- 
gated bunch of grapes So far os known, all Indian species belong 
to the latter group At the anterior end of XVII (rarely XVIII) 
the vas deferens becomes abruptly enlarged to form a rather 
massive ejyididymis or sperm-vesicle. This portion of the vas is 
arranged in a great many close, transveise folds, and gradually 
diminishes in diameter to about somite XIV, where, with greatly 
lessened size, though still much larger than the vas deferens proper, 
and a less closely-folded course, it becomes the Jong ductue 
ejaculaio) lus^ winch finally empties into the atrium at the tip of 
the prostate or atiial cornu of the same side. Those genera m 
which the regularly-paired testes occur in somites XIV to XVII 
lack this form of speim-veaicle, but luatead the enlarged vas 
deferens is thrown back as a pair of long loops reaching beneath 
the stomach, even as far as somite XX, ns in many Q-losaiphomda. 

The atmumj or terminal male organ, is much simpler than in 
the HirudidiB, resembling the condition found in the Glossi- 
phonidm m that tlie median unpaired penial portion is represented 
only by a small, everaible, genital bursa provided with a powerful 
sphincter muscle. This opens to the exterior, and by a smaller 
orifice above into the more dorsal, unpaired prostate chanibei, 
which bifurcates as a prominent pair of atrial or prostate co^tmua. 
The ends of the latter receive the duoti ejaculatoiii as described 
above The prostate chamber witli its cornua is ricbly piovided 
with a layer of glands w'hich secrete the chitiuoid walls of the 
s perm atoph ores For the reason that it forms the spermatophores, 
the entire prostate region has been named the spermatophore 
sac. The spo matopliores consist of an attaching disk formed m 
the unpaired chamber and of a pair of divergent or adherent, 
elongated, tapering sacs formed within the horns and containing 
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the bundles of spermatozoa In functioning, the bursa alone may 
be everted as a penial disk with a single central opening, or the 
floor of the prostate chamber as well may be everted, forming a 
■second or inner tier or platform of the disk in which appear the 
paired openings of the two cornua This latter happens when 
the spermatophores are attached. During copulation theie is 
frequently a mutual exchange of spermatophores, which are not 
attached at random to any pare ot the body, as lu many Glossi- 
phonidae, but are usually placed on the clitellar region, which is 
often provided with a special copulatory ai*ea of so-called con- 
ducting tissue foi directing the spermatozoa hypodermally to the 
ovariau sacs 

In the Hirudidss the testes (fig. 38, 1. 1-11) are most commonly 
nine or ten pans, but more rarely from six to twelve pairs, disposed 
as lu the first division of the Eipobdellidm, beginning at XIII/XIV. 
These testes, like the ovaries, are really small ccelomic sacs 
enclosing the gonads and embedded in the thickened inter- 
segment^ septa close to the body-fioor. Often they he chiefly or 
wholly within the preceding somites, to which they probably 
belong The vas deferens (v cZ ) is covered throughout the testicular 
region with, a thick lobulated layer of glands which disappear in 
somite XII or XIII, anteiior to which the duct continues in a 
uearly direct course to the level ot the atrium, wbeie it bends 
sharply caudad to become a tortuously-coiled and folded, enlarged 
tube tormmg the compact massive epididymis oi sperm-vesicle (ep.). 
The duct again leaves this mass, bends foi ward and mediad and 
acquires a thick muscular coat as the ductus ^aculatorius (cZ.e.), 
which in turn empties luto the prostate cornua Both epididymis 
and ejaculatory duct vary considerably in size, form and position, 
the lattei being either a simple tube, or differentiated into an 
enlarged fusiform legiou with very thick muscular walls and a 
narrow duct-hke portion The former appears to serve both as 
a sperm-vesicle and a powerful sperm-ejector Theie is a direct 
correlation between its size aud the length of the penis-sac and 
penis. It IS absent m such forms as Omdea and Ihplohdella, 
which have no true penis, small in Macrohdella, well developed in 
Hirudo aud related genera, and of maximum size in Hoemopis, etc. 
The true prostate cornua rarely appear as distinct legioiis in the 
Hirudidae, being involved lu the wall of the prostate region of 
the atnum and bai’ied beneath the glandular layer. They form 
■small sperm-reservoirs which finally open into the prostate 
chamber 

Most characteristic ot the male reproductive organs and 
exhibiting the gieatest variety is the atrium {at ) Barely it is 
■developed little beyond the condition characteristic of the Erpo- 
bdellidsB, but typically it is a more or less prominent, pyriform 
structure consisting of an enlarged head, the prostate region ( p.?* ), 
and a narrower, conical or cylindrical bodv, the p&nis-sac 
The former encloses the prostate cornua and consists of epithelial 
lining, muscular coat and a thick layer of prostate glands dis- 
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charging into the more or less distinct median prostate chamber. 
The peuis-sac is the greatly developed muscular region of the 
male genital bursa, forming a highly muscular tube, often greatly 
elongated. Withm this is a coiled or hlamentous tubular perns' 
which reaches a great length and somewhat comphcated structuie- 
in Hcsmopsis and its allies. The penis is not a true introvert,, 
but consists of a lining epithelium and a thin enveloping layer of 
muscle and connective tissue which are separated by a surrounding 
space from the outer thick wall ov pems-sheaih. Within this space 
the penis grows to a length double or more that of its sheath. 
The terminal part is capable of being everted through itself 
Consequently, when protruded it: is a double-walled tube covered 
within and without by epithelium. In some genera it bears upon 
the external face of its terminal portion many tactile papillcs. 
The HiriididfiB do not form spermatophores tor external implanta- 
tion, but practise a true copulation, during which tlie penis 
(often reciprocally) enters the vagina and deposits the sperm in 
Its upper part. 

Female reproductive organs are developed harmoniously with 
the male organs In the Erpobdellidm they consist of a pair of 
more or less elongated tubular sacs, each doubled on itselt and 
extending from the female gonopore, within tlie ventral ccelomic 
space beneath the digestive tract, caudad for seveial somites. The 
greater part of this is a ccelomic sac {ovxsac) enclosing the ovary 
and its developing products The true ovar-y with the proliferating* 
germinal epitliehnm occupies the narrow blind end of the organ 
close to the female gonopore and a portion ot the recurrent limb 
of the ovisac, most of which, together with the entire procurrent 
limb, IS filled ^vith the developing egg-stnngs. The anterior end 
of the piociirrent limb passes into a short transverse hmb cen- 
tal mug mature ova and known as the uterus, which connects by 
means of a very short narrow oviduct on each side with the inner 
end of the very small unpaired vagina or genital bursa lying 
entirely within the ventiaL body -wall. In other cases the tubular 
sac may be but httle or not at all reflexed, the ovary being 
confined to the caudal end and the oviduct much elongated. Still 
more rarely the ovisacs aie spheioid \Mth small simple oviducts 
meeting at the minute bursa. 

A few Hiiudidse possess female genitoha of the second type,. 
Oaulea, for example. This genus is quite unique in the addition 
to the ovaries and oviducts ol a capacious female bursa autenor 
to the male atrium, with which it opens in common. A pair of 
slender ducts connect the oviducts with it. But m general the 
Hirudidss possess female genitalia (fig. 38) of the same degree of 
complexity as the male organs There is a single pair of rather 
small globular ovisacs (o.) situated anterior to the female gonopore 
at about XII/XIII, in a position coriesponding to the testes. 
From these arise short oviducts, often piovided with a alight 
enlargement, sometimes named the uterus, but prefeiably the 
ovarian vesicle. One oviduct passes beneath the nerve-coid and 
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qiiutes With it-8 fellow into a common oviduct (ocZ.), which vanes 
much ID length and course, but finally empties into the vagina, 
usually at the internal blind end, but m certain genera at various 
points along its length. The oviduct is more or less embedded in 
A thick layer of albumin glands (glandula albuminigema) {g.a ), 
which maybe limited to the region of union of the paired oviducts 
or covei part or all of its length. When fully developed the 
vagina is frequently very laige and spheroidal, pyriform, fusi- 
form 01 tubular. Usually it is divisible into an enlarged 
saccular pait and a narrow duct leading to the external oiifice. 
At the pomt of entrance of the oviduct there is in some cases a 
email vaginal diverticulum This may become greatly enlarged 
to form a distinct vaginal cceciim as in PoBCilohdella, The oviduct 
may also open at the pomt of union of the vaginal duct (ya d ) 
and ceecum (v.c ) as m Fcecilohdella, or along with the former into 
the external bursa as in Hii'udinaria, There are many variations, 
eome of which will be indicated in the generic diagnoses. 

In the foregoing account no attempt has been made to deal 
with the entire anatomy of the Arhyuchobdellse. Those organs 
and stiuctiires only which are ot primary interest to the 
systematist have been desciibed. Other oigans, such as the 
nervous system (n.), nephndia (wp. 9, 17), blood-vessels and 
muBoles have taxonomic value, but have been employed but little 
by systematists. 

Qolovation — Foui principle types of colour-pattern occur in 
AjL’hynchobdellid leeches • (1) uniform or self-coloured, (2) mottled 
or irregulnrlv spotted, (3; longitudinally striped or metameiicaUy 
spotted, and (4) transversely striped or spotted Other patterns 
found m the Ehyuchobdellse are nearly or quite absent from this 
•suborder. 

Stiictly self-coloured leeches aie raie. Those appearing so in 
life are usually found upon close examination to be more or less 
mottled When uniform shades do occur, the venter is usually 
paler, or differs otherwise m colour fiom the dorsum, and the two 
areas are separated bv marginal stripes, often yellow or orange in 
colour. A median dorsal stupe, either continuous or broken, 
appears more raiely 

The non-metamenc mottled pattein is common, and is due to 
the distribution of individual pigment-hearing excretophoies 
widely and superficially in the integuments external to the 
principal mnsclo-layers , but pigment is not restricted to these 
•superficial deposits. The colour of the spots appears darker when 
nearer the surface, lighter when deeper. In the strictly mottled 
pattern the spots may he so numerous and confluent that the effect 
is very dark and nearly uniform . or they may be widely scattered 
The spots may be punctiform or large, sprawly blotches, or com- 
posed of quadrate areas largely conforming to the boundaries of 
the annuli. 

The third type is by tar the most prevalent, and may be strictly 
-striped or combined with either of the other patterns. The 
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longitudinal stnpee are determined by the arrangement of the 
longitudinal muscle-layer in bands or fascicles, between which 
the excretophores coiigi’egate. In some cases they collect in all 
■of the intermuscular spaces, effecting a finely-lined pattern. 
More frequently they form heavier masses along the two or three 
pairs of broader intervals through which the dorsal- ventral muscle- 
sheets penetrate the longitudinal muscle-layer. This results in a 
cprrespondiug number of dark stripes, the longitudinal muscles 
between appearing lighter The median field may be pale or 
fiequently the seat of a special dark stripe along the Ime of the 
dorsal blood-iessel. The longitudinal dark stripes are frequently 
composite, constituted of two or more narrower stupes which may 
approach and completely coalesce oi separate or recede to greater 
depths 01 become more supei*ficial, with the migrations, extensions 
or contiactioiiB of the excretopboies. frequently the darker 
stripes flank the serie'^ of sensillee, and are modified by their 
presence Usually this taJies the lorin of constrictions or mtei- 
ruptiona, breaking them into short lines, dashes oi spots, 
occupying particuiai* annuli and hence arranged nietamerically. 
Theie are many other modifications. Other metameric spots, 
particularly the cream-i oloured or pnle ’fellow spots which so 
frequently include the aensillsB, are quite independent ot the 
excretopbore pattern and are due to aggiegations of reserve cells. 

The transversely- banded or spotted pattern, so common m the 
Ichthyobdellidae, is raie in the Arhynchobdellee, especially in the 
family HirudidsB. When present m the lattei it is most 
frequently expressed by the suppression of pigment and the 
extension of the pale spots on the sensory annuli. The same 
pattern may occur in the Erpobdellidas, in which also every 
annulus may bear a heavy, tiiins verse, solid baud or a row ot 
irregular spots enclosing rbe small sensoiy papill®. The above 
account deals prmcipally with the fixed pigments remaining in 
preserved speLimeiis. 

Uiuing life many species of leeches are brilliantly coloured in 
strikingly contrasting patterns, especially vivid m the water ; but 
after death tliey rapidly fade. The greens, aud the red due to 
hcemaglobm in the blood, rapidly dissolve out m the killing 
and preserving fluids, and are usually completely lost ; the pale 
yellows also fade. But the darker yellow, red, brown aud black 
pigments belonging to the melanin senes lesist the action of 
alcohol or formalin, and unless the leeches have been fixed 
m strongly acid reageuts or exposed to the light, these pigments 
fade very slowly, and the patterns may be disceinible after many 
years of pi'eservation. The greens are commonly distributed 
uniforinlv superimposed upon the patteins, which gives the effect 
of alternate light and dark green stupes etc. 

Geographical Distribution . — We can only speculate on the ongin 
of the leeches. There is no pnlasontological evidence of value. 
The taxonomic, anatomical, embryological and physiological 
-evidences point to their derivation from the Oligocheeta in an area 
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o£ freshwater Bwanips and lakes supporting a rich fauna of 
amphibious and aquatic invertebrates and lower vertebrates to 
serve as food and hosts. We can scarcely more than guess at the 
location of this area, but a slight pieponderance of evidence points 
to the central Palsearctic Eealin. However that may be, all of 
the four principal families now generally recognized have a prac- 
tically >Aorld-wide distribution, being well represented in all ot the 
zoogeographic lealms. The continental forms are hunted in their 
distribution both vertically and latitudinally by the line of per- 
manent ice and snow "While the exact limits of their range have 
been fixed at but few points, enough is known to show that fresh- 
water and swamp leeches are abundant in Alaska, Scandinavia 
and Siberia north ot 60° and at tlie southernmost points of the 
South American, African and Australian continents. They cease 
to be definite elements of the fauna of the Frigid Zones. Verti- 
cally their known range is from sea-level m all regions to about 
12,000 ft, in the Andes and about 10,500 ft. m the Himalayas. 
Like other animals similar physiologically, they cannot exist where 
the water upon which they are so dependent is frozen throughout 
the year Their activities practically cease at a temperature 
below 40° F. It is noteworthy that the species reaching the 
altitudinal limits are chiefly the smaller Ehynchobdellss, while the 
true blood- sucking Hirudid© reach their full development in the 
warmer tropical and sub-tropical regions, where the warm-blooded 
mammals which they attack more habitually seek the cooling 
waters or the shade of the humid forests and jungles. 

True marine leeches belong exclusively, with one possible 
exception, to the family Ichthyobdellidee, and these transcend the 
limits imposed on continental leeches, for they are carried by their 
piscine hosts far into the Arctic and Antarctic areas and to con- 
siderable depths, the lower limit of which is unknown. No 
Arhynchobdellid is known to be marine or to inhabit even 
definitely saltwater, though a few may live m water very slightly 
brackish. Some of the true scavenger species will collect m badly- 
polluted water for the sake of the tood contained therein. 

Notwithstanding that the collections of the Indian Museum, 
thanks to the energetic inteiest of the late Hr. Annandale and 
several of his excellent coUectois, are rich in leeches, there are still 
manv gaps in our knowledge of their distribution throughout the 
large territory covered by this report. This is true especially 
of the less conspicuous non-blood-siicking forms, which are readily 
overlooked One of the principal uses of this work will be in 
indicating under each species the known distribution and the areaa 
from which further collections are desired 

In a group so small as the Hirudinea, faunal generalizations are 
safe only when knowledge of distribution is very exact, for the 
hmited number of species greatly increases the probable error 
based upon incomplete knowledge. 

There are, however, a few rather definitely outstanding features 
of the Indian leech fauna, Kashmir, lying north of the mam 
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axia oh the Himalayas, is out off from the remainder of India by 
high snow-clad peaks which form a barrier to the spread o£ 
leeches, except such forms as may be carried in the pharynges 
of the larger mammals. The Indus River, which might be 
expected to provide a migration route from the south to the 
Kashmir Valley, is itself largely isolated from Hindustan by the 
Iiidiim Desert, which also is a hairier to the free pa‘?sage of leeches 
As a consequence, what little is known of the leech fauna of 
Kashmir points to closer affinities with the Eur- Asiatic fauna than 
with that of Hindustan. 

The extreme north-western provinces along the Persian and 
Afghanistan boundary are separated from India proper by the 
Indian Desert, a dry region not known to be inhabited by any 
leeches, tlioiigh one or two species may live in the spnnga 
and wells While lery little is known of the leeches of this region^ 
two species belonging to the circum-Mediterranean fauna have 
been leported. 

The remainder of India, including Ceylon and Burma, belongs 
definitely to the Indo-Malayau region with some African affinities. 
Oeylou and the southern portion of the peninsula approach the 
Malayan and Pliilippme Aichipelagoes rather more closely, and 
the northern Himalayan region, in addition to the peculiarly rich 
fauna of true land-leeches, as will be pointed out m greatei detail 
under the genus Hcemadipsa, show s some Chinese intrusions. 

In addition to the abundance of true land-leeciies, the 
Arhinchobclellan fauna of India exhibits two other peculianties. 
PirstiB the prevalence of vicious blood-suckers of tho PcecUoldella- 
Htrudinaina group, which come much nearer to representing the 
aquatic stock from which the land-leeches arose than does Etrudo. 
The second is the presence of two strikingly characteristic genera 
of Erpobdellidffi described by Kaburaki and not known at present 
to occur elsewheie though related genera occur m Africa 
Both of these are distinguished by tlie possession of several pairs 
of supplementary submargmal eyes. Our knowledge of the 
members of this family is especially deficient. Most of the species 
are rathei small and them habits such that they readily escape 
attention. 

The extensive areas of swamps, together with the cultivation of 
nee, the use of domestic animals that enter water, the habit 
of the nati\ es of going bare-footed, and in most parts of the country 
the twelve months of growing weather, make India most favourable 
for the development of leeches They aie probably more abun- 
dant m tlie Indo-Malayau Region than elsewhere in the world, 
with the possible exception of tropical South America. 

Economic JRclations . — As referred to above, the great abundance 
and wide prevalence in India of both aquatic and terrestrial 
leeches, together with their close association with human habila- 
tions, gives to them unusual human importance. Nevertheless, 
extremely little definite information relating to this aspect of the- 
subject is available from Indian sources A most useful eon- 

I 
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tnbution by a person favourably situated on the gi*ound would be 
the collection of economic data and statistics. Some specific data 
•are given under paiticulai species. 

The relation of leeches to human interests may be considered 
under five heads ■ — (1) as food for other animals, (2) as enemies 
that attack other animals of concern to Man, (3) as pests that 
annoy or mjiue Man, (4) as transmitters of human or animal 
diseases, (5) as surgical agents. 

(1) Concerning North American and European species, much 
information exists relating to a great variety of animals that prey 
upon leeches and their egg-cases. Certain fishes, ducks, snipe, 
plover and other birds, as well as some of the small mammals, 
derive a considerable portion of their sustenance theiefrom The 
great abundance of leeches in India leads to the inference that 
there also similar animals similarly utilize them. With the single 
exception of Miss Eobertson's statement that the “ milk ” turtle 
eagerly devours Po&dlohdella g) (mido^a Hvrudxnarm mamllenm\ 
I have been unable to find any confirmatory records, though it 
18 possible that Indian naturalists and sportsmen may be familiar 
with many instances 

(2) Predaceous leeches destroy large numbers of worms, in- 
cluding other leeches, insect lai’Vfic, mollusks, and other inverte- 
brates, some of which affect human interests. A few records in 
the literature Tennent, 1860) and some personal observations 
of stomach contents establish this fact for Indian species. Blood- 
sucking and parasitic species attack a great variety of vertebrates: 
fishes, frogs, toads, turtles, crocodiles, snakes, birds and mammals. 
Small and weak fishes, frogs and turtles are known to be killed 
outright or greatly injured by them, and the attacking numbers 
are sometimes so great that even vigorous hosts must lose in 
vitality. In America the economic dram on the fisheries from 
this source is quite appreciable, though not accurately computable, 
and doubtless the same holds true for India. Indian land-leeches 
sometimes attack snakes (Wall, 1914), and as a favourite point of 
attachment is the eye, as a result of which the victim may be 
blinded, it is possible that they may prove to be a factor in the 
control of \enomoiis as well as of harmless snakes They may 
also exert a repressive influence on the rodent population, thus 
diminishing the supply of these enemies of agriculture and the 
natural food of many serpents It is, however, difficult to ascer- 
tain the actual facts of such relations The attacks of land-leeches 
upon horses and other draft annuals are well known and 
authenticated by the accounts of travellers and the nariativesof 
scientific, military and other expeditions into their haunts. These 
animals nve often driven wild by them and become intiactable. 
Horses, cattle and dogs are sometimes blinded, and young or 
decrepit animals are killed by their attacks The laige aquatic 
medicinal leeches which so abound in the padd\ -fields and tanks 
in the agricultural distncts thioughout a large part of India are a 
flource of great annoyance and piobably of some injury, especially 
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to buffaloes, which feed in swampy places and wade and wallow m 
the ponds where these leeches are especially abundant Whetfier 
this species actually enters the nares of drinking cattle is not yet 
definitely settled, but this annoying habit is very characteristic of 
another and even larger species, the so-called cattle leech 
{^Dinohdellcv ferooa). While it has proved impossible to secure 
•complete and accurate statistics covering the pievalence and the 
extent o£ the damage done by this species, it is obvious that it is 
widespread geographically, and in some districts, especially m the 
Punjab and Manipur, so abundant that a very large percentage of 
the cattle are infested There is much evidence ol the seriousness 
of its effects upon its hosts, which sometimes die as a result of the 
continuing haemorrhage. 

(3) There is general agreement that o£ all of the annoying 
pests of India and Ceylon the land-leeches are the worst Pew 
travellers, sportsmen or missionaries, whose quests have carried 
them into the humid valleys and jungles, have failed to bring back 
tales of bloody encounters with them. Some regions aie reputed 
to be rendered uninhabitable for either man or beast because of 
their abundance and ferocity. Stories are told, and some of them 
at least appear to be well-authenticated, of persons lost or injured 
m the jungles who were killed outright by the loss of blood or 
badly crippled through the attacks of myriads of these little 
leeches. While the bite of the common laud-leeches is nearly or 
quite painless, that of others, especially of those inhabitmg the 
lower slopes of the Himalayas, of Sikkim and the hills of Assam, 
18 i*epiited to be very paiiifnl Whether os a result of accidental 
infection or as a direct effect of the bites, stubborn sores and 
ulcers often follow their attacks, and may lead to permanent 
crippling. 

As the cattle leeches take up their abode in the pharynx and 
larynx of domestic animals, so do certain other leeches attack Man, 
This 18 especially true of Limnatis nilotica, which enters the Indian 
fauna from the Persian border, and may have a wider range than 
the actual records indicate. The related E%rudtna\ la (Pcscilobdella) 
c/ranulosa is reputed and the land-leeches are known to indulge 
occasionally in the same ho bit 

(4) While no Arhynochbdellid leech of India has been definitely 
connected with the transmission of any disease of Man or tlie 
domestic animals, there is much reason to hold them under 
suspicion. Rhynochohdellicl leeches are well known to play the 
lole of intermediate host to certain metazoan parasites and to act 
as earners of pioto/oan blood parasites of invertebrates and lower 
vertebrates Miss Robertson flQOQ) has established Glossi- 
phonia as the vector of the Trypanosoma of the milk turtle in 
Ceylon, and has shown that the common medicinal leech of that 
island ^ill harbour and possibly transmit these same parasites. 
To the common paddv-Held leech, Hi^iuhna7ia mamllensis oi the 
Philippines, lias been attiibuted the role of carrier of the pathogenic 
organism of rindei’pest (Boynton, 1913). This same species is the 
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common aquatic leech of Oeyloii, aud oceuia to some degiee- 
thioughout the lowlands of India. Also it is closely related and 
Bimilar m habits to the very abundant and widely-distributed 
Pceailohddla granulosa. Therefore susjncion should be cast upon 
these and related species as possible agents in the spread of that 
most injurious of all cattle diseases of India. The Lind-leecbes of 
Java (Prowazek, 1904) are reputed to trausinit the flagellate 
{Horpetomonas) causing gangienous ulcer As similar ulcers aie 
reported to have followed the bites of laud-leeches lu Ceylon and 
India, it 18 probable that a similar relation exists here also The 
habit of sanguivorous leeches of congiegatmg about inflamed sorea 
or wounds and abrasions that may be already infected, together 
with their proneiiess to pass from host to host, constitutes them 
almost perfect simple mechanical earners of bacteiial mteetions. 
There is little doubt that in India, as elsewhere, they are not 
guiltless in this respect. Boils and ulceis of ^a^lous kinds are so 
prevalent in these tropical countries, and the bare legs and feet ot 
the natives so expose them to the attacks of leeches, that the latter 
are suspected of contiibuting to the spiead of these affections. It 
IS altogether probable that both the land-leeches and the aquatic 
leeches of India may prove to play an important part in the dis- 
semination of skin diseases and blood parasites. A thoroughgoing 
investigation of them from this pomt of view is much needed. 
Such leeches also are the intermediate hosts of immature venmnous- 
parasites, the flnal hosts of which will probably prove to be birds 
and fishes that prey upon them. 

(6) Whether the practice of blood-letting by means of leechea 
originated among the Hindus and the knowledge was carried from 
India to other countries aud peoples, or whetlier it originated 
independently in the latter, probably cannot be known with cer- 
tainty In any event, the most ancient records of phlebotomy by 
means of leeches pertain to the Indian region, where conditions 
would seem to be peculiarly favourable to the development of this 
art. Men must very early have had brought to their notice the 
relief resulting from the withdrawal of blood from local mflam- 
mations following the attacks of these natural blood-letters 

The use of leeches in Hindu medical practice is very ancient, 
and formerly was extensive. Even now they are employed largely 
by the native medical men, although little use is made of them by 
European practitioners. Most lecent refeiencea to the subject 
are based on the very full account given in the two-thousand-jeor- 
Dld Sansknt System of Medicine of Susruta The following is 
Akeii chiefly from Dutt (1846): — ‘‘Leeches have been employed 
.rom time immemorial in Asia, but particulaily in Bengal, where 
they are considered as the best nieaus of removing blood from a 
part. They are used particularly for Eajahs, for women and timid 
persons, and for the very young and very old." 

The Sansknt name for leeches collectively is Jedoukay or 
Jaluhahiy of which there are many variations m the several 
Indian languages. Susruta distinguishes twelve kinds, each, 
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having a distinctive name Of these, six are described as venomous, 
and SIX as useful in blood-letting. -Among the injurious \ari6ti08, 
the Lidrayiidha, the bite of which is reputed ns fatal, may be 
Rcsmadtpsa oi nata, ns it is described as “ having longitudinal lines 
along its back like a rainbow.” Probably most of the others are 
varieties of Hvnxd\naT%(i {PoBcilohdella) gramdosa and related forms, 
the Alagarda^ whicli are stated to “have hairs on their body,” 
being huge examples with prominently projecting sensoiy papilise, 
such as are met with not infrequently. 

“Tliese deleterious leeches, when they are employed, pioduce 
heat, swelling, pain and itching of the part ; followed excessive 
iiritation and fever, with spasms, sickness and syncope. The 
bites of the IndrayudTia leeches are considered fatal. These binds 
ot leeches are found near putrid fish or animals, m foul, stngnant 
and putrescent water Such leeches are consequently to be care- 
fullv avoided.” This indicates that they cairy septic bacteria. 

Of the six kinds of good leeches, probably all, except the 
Bhahai'ika^ w'hich is supposed to be Dinohdella ferojc, are colour 
varieties of Pcanlohdella and Eirudmama. “They are found in 
small numbers in clear and deep pools of water, winch contain 
water lilies, and are surroiiiHled by sweet-smelling plants. The 
middle-aizecl leeches are the best.” Quaint directions are given 
for keeping and applying the leeches. 

Leeches are also used as materia medicn in the treatment of 
tonsihtis, hseinorrhoids and baldness. Hiiudin extract is employed 
in modern hospitals as a hoeinolytic agent. 

The present-day use of leeches lu phlebotomy will be refened 
to in the account of Pmcdohdella granulosa^ w Inch is the species 
principally employed in India. 

Methods of Suidy and Pi €servaUon,^Thci.t the Hiriiclinea is a 
group of peculiar difficulty to the systematist is evidenced by the 
slow progress and raiinj'’ failures that have attended its study. 
Anyone who has studied this group as well as the related Ohgo- 
chffita and Polychaeta Iciiow's v^ith how much greater ease the species 
of the latter two orders may be disciiminated and characterized, 
Leeches lack the many salient external features of the former, 
and ai’e much more difficult to dissect than the latter. The chief 
difficulty, however, arises from their changeableness, from their 
great capacity for contraction and extension, and their greatly 
altered appearance in surface-markings, colour, form, etc., with 
changes m the physiological conditions of nutrition, matunty, etc. 
Individuals of the same species may appear quite different or of 
different species so alike as to be confounded, according as their 
physiological states are diverse or similar. A leech that appeal’s 
linear when extended may be egg-shaped in complete conti action. 
When unfed and resting, it may be gieatly flattened, transparent, 
pale-coloured and rough, with protruded, alert, sensory papillae, 
and when gorged with blood the same leech will be many times 
largei, distended, thick, opaque, dark-coloured and smooth This 
is true of living leeches, which present wide langes of variation. 
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Equally great or even greater differences result from the rougli- 
and-ready methods of preservation employed by many collectors. 
Many nominal species have been founded upon artifacts, and 
many real species have been obscured by them. The systematist 
necessarily is compelled to depend for his material largely upon 
museum collections. Much of this is in such a bad stale that the 
labour of studying it is very greatlv multiplied, and even m 
experienced hands many important points must be left undeter- 
mined, especially such as the annnlation of the incomplete somites, 
the location of sensillffi and iiephropores, the characteristics of the 
teeth, arrangement of the gastric ctfica, etc. 

Under these circumstances the systematic student of leeches 
requires an abundance of material lepresenting a variety of ages, 
seasons, localities, habitats and physiological conditions, vhich, 
together with the living colouis, should be recorded as specifically 
as possible on the labels. The preserved leeches should be 
straight, moderately extended, undistovted, and, of course, neither 
macerated, overhardened nor dried. To insure these results a 
standard method of preparation should be adopted as far as 
^ possible, and it should be so simple that the general collector cnn 
‘ apply it The following is recommended. The leeches are placed 
in a vessel with a small quantity of \inter and are stupefied or 
auSBsthetized with any one of the following: carbon dioxide (as in 
soda-water syphons), chloroform fumes, chloral or chloietone or 
cocaine hypochlorate (of about 1-1000 strength), weak nicotine or 
tobacco decoction, magnesium sulphate or alcohol added gradually, 
or very weak acids, like lemon juice, iii which leeches usually die 
extended. When they no longer respond to pinching with forceps 
or similar stimulation, and before maceration begins, they are 
rapidly passed between the fingers to remove the surplus mucous, 
straightened out, and laid extended side by side m a flat dish. 
The fixing fluid is gently poured on, usually at fiist not quite 
enough to cover and float them. After allowing a few minutes 
for them to parhally harden, sufficient of the fluid is added to 
completely immerse them, care being taken to jirevent floating 
Eor ordmaiy museum purposes 60 per cent alcoliol or 2 per cent, 
formaldehyde will answer perfectly, the latter being prefeiable as 
less likely to cause the cuticle to separate After they have 
become fully stiffened the leeches should be transferred to stronger 
solutions, and finally preserved m generous quantities of 85-90 per 
cent, alcohol or 4 or 6 per cent, formaldehyde. Thev should be 
placed in tubes or yials of suflacient length and diameter to keep 
them straight and to avoid crowding and distortion 

Eor more special purposes of study special methods of fixation 
should be employed and should be noted on the label. Moat of 
the methods recommended for earthworms are applicable to leeches 
(see Lee, 1921) For a general fixative a saturated solution of 
corrosive sublimate is excellent; Fleming’s fluid used with the 
customary precautions is one of the best for faithful preservation 
of histological detail. To bring out more clearly the sensillre and 
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Burface-marlringfl weak chromic acid (about ^ per cent, aqueous 
solution or, better, equal parts of chromic acid 1-400 and platinum 
chloride 1-400), or Perenyi’s fluid are useful, but too strong solu- 
tions, too long exposures, or failure to wash out very thoroughly 
are likely to be disastrous, chromic acid rendering the tissues very 
brittle, and Perenyi’s fluid, or any strong acid, causing the con- 
nective tissues to swell and histoh^e. 

By far the most satisfactory study of leeches can be made with 
living or recently killed specimens at hand, for these alone exhibit 
the tiue colours, normal proportions, etc. On the other hand, the 
details of aunulalion, suiface sculpture, and most of the internal 
anatomy, can be worked out best on properly hardened specimens. 
Almost the entire anatomy of small leeches may be determined by 
sub 3 ecting living specimens to pressure and studying them with a 
microscope. Properly preserved specimens stained in Grenacher's. 
alum carmine, and if necessary slightly de-stained, and mounted in 
diaphane, balsam or Parrant’s medium, answer almost equally welL 
Speciinens too large or too opaque for such treatment must be 
dissected, as a knowledge of the anatomy of the alimentary canal 
and reproductive organs at least is essential 

Ordinary museum specimens cleared in glycerine, or dehydiated 
and cleared in cedar oil or diaphane, bring out many points, such 
as the cfficatiou of the stomach, the exact position of the eyes, etc., 
often not determinable otherwise on entire specimens. For a 
study of the digestive system, examples partially distended with 
food should be selected, as the caca often nearly or quite disappear 
m starved leeches, and become so greatly distended and crowded 
in gorged ones that the determination of their true form and 
relations becomes difficult The teeth are best brought out by 
mounting the jaws in glycerine, glycerine jelly or Farrant's 
medium, either stained or unstained. On museum specimens the 
teeth are often lost, either through detachment along with the 
cuticle, or dissolution through the action of preservative media. 
The blood-vessels are often filled with coagulated blood, furnishing 
very perfect natural injections. When, as often occurs m for- 
malin specimens not too old, the blood retains its natural colour, 
very complete dissections of the vascular system are possible without 
other preparation. In cases where the nephropores are obscure 
they may be demonstrated often by diying the surface with filter 
paper and then pressing on the region of the nepliridial vesicles 
thus causing a minute drop of fluid to appear at each pore Or 
the leech may he placed in a coloured fluid and the body alter- 
nately pressed and releabed, which fills the vesicles. The leech la 
then washed and placed in water under the dissecting microscope, 
when the coloured fluid may be seen diffusing from the pores. Of 
course serial sections are requisite to the study of the miuute 
anatomy and the determination of special points. 

For the mapping of raetainerisni the sensillsB furnish the most 
reliable criteria. When these are invisible in surface views, the 
eyes in the head-region, and the nephropores, relative depth of 
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annuli, colour-markings and nerve-ganglia in the other regions 
generally answ er as substitutes. !Final appeal in cases of doubt 
18 made to the nerve distribution. The determination of the 
annular composition of the incomplete anterior and posterior 
somites is most important, and it is here especially that poorly- 
preserved material is misleading. Strong contraction deepens the 
furrows, obscures differences in relative depth, and brings into 
view or accentuates incipient furrows scarcely visible otherwise. 
Very faiut furrows and other sui’face markmgs may be accentuated 
by drying the suiface and examining m a strong light impinging 
at a right, angle to the line to be demonstrated. It may also alter 
the relative position of furrows, eyes, integumental areas, etc., 
rendering interpretation tlifficult. Maceration or too great relaxa- 
tion, on the other hand, tends to smooth out and equalize all 
furrows. Because of these conditions the diagrams of annulation 
so generally used with descriptions of leeches aie often misleading, 
as neaily always all furrows and aunuli are represented as ot equal 
promiueuce and value which, as a matter of fact, they rarely possess 
at the ends of the body. As different obaervei s studying material 
in differing states of preservation and extension \m 11 often airive at 
different interpretations, coiisidei able confusion results While 
such diagrams are wevj useful, they should be supplemented by 
accurate drawings or photographs, made whenever possible from 
well-preserved extended specimens. 

Among special desiderata are the smaller and more obscure 
species, especially of the Erpobdellidse, and burrowing species, 
which have been little collected in India, individuals taken in 
copulation or recently in copulation with attached sperinatophores, 
and egg-oapaules, taken in connexion with the leeches winch have 
fabricated them. Scarcely anything is known of the capsules of 
Indian species. 

OUisstficaUon , — So far as now known, the generally-recognized 
families (Erpobdellidte and HiriididsB) of the suborder Arhyncho- 
bdellffl are clearly defined. Various low er subdivisions, subfamilies, 
tribes, senes, etc., have been proposed Most of these are based 
upon single characters more or less clearly recognizable in typical 
forms, but rarely of sufficient constancy or importance to clearly 
define all of the members of a natural group. On the contrary, 
many of them are demonstrably artificial and limited, a fact tliat 
becomes increasingly evident as leech anatomy becomes better 
known. In a small group of animals like the Hirudiiiea minute 
taxonomic subdivisions above genera have not the practical 
urgency often found m large groups comprising many species 
Only confusion results from the use of groupings not tlioronghly 
substantiated It is far better to wait until our knowledge 
reaches a point where true phylogenetic relations become clear 
and natural subdivisions evident In the present book, theiefore, 
some of these names iiave been employed as descriptive terms 
only, not ns taxonomic grouiis. Above species, with one exception, 
onh genera and faimhes are recognized. 
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Suborder ARHYNOHOBDBLL^. 

Of the ArhynchobdeUae there are recognized two families^ 
characterized as follows , — 

A. Eyes never arranged in a regular ai’ch 
of five pairs on contiguous somites of 
the head, hut vaiying in number and 
Aiiangement, oi even absent, meta- 
meric sensillro obscure, not diflering 
obviously from ordinary sensory pa- 
pillse , annuli of complete somites 
tending to multiply from the basic 
qmnquaniuilate condition , mole geni- 
talia teiminatiug in a spermatophore 
sac ('atiium) lacking a filifoiiii penis , 
female genitalia with vagina scarcely 
distinguishable , jaws absent oi vesti- 
gial , teeth absent or single retractile 
stylets, pboiynx elongated, with 
three muscular ndges , gastnc caeca 
totally absent or at most a smgle 

pair of small ones ... . * . Erpobdellidae, p. 126. 

AA. Eyes forming a regular arch on con- 
tiguous somites of the head, nearly 
always five pairs , metamenc sensillae 
usually conspicuously distinct, com- 
plete somites generally quinqiiannu- 
late and tending toward reduction 
rather than elaboiation , male geni- 
talia terminating in a complex atnum 
nsunlly provided with a penis , female 
genitalia with a well-developed vagina 
correaponding m length with the 
penis , j'aws typically present and 
tootb-beoi'ing, but may be toothless 
or absent, pharynx short, bulbous, 
with strong radiating musculature , 
at least one pair of large gastiuc 
csBca, usually several pairs ... . Hlrudidae, p. 164. 
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Family ERPOBDELLID^. 

Sy)ionomy : 

Gnathohdellea^ Leuckart, ]86S (in part) 

GnathobdelhdiSj Claus, 1886 (in port) 

. Nephekdce, Whitman, 1886 
Nephelidea, Hlanchard, 1887 

Herpobdellidcp, Blanchaid, 1894 (and subsequent writers) 
Setpobdellin(e-^T)ocheti7UB, Pemer, 1897 
ISrpobdeUidcB^ Moore, 1924. 

PkaipngobdellcBj Johansson, 1918, 1914 

Type- genus, Erjpohdella *, Blainville (in Lamarck), 1818. 

General QharacftGri8t%cs — The worm-leeches are of small or 
mediura size and slender linear form, and possess great powers of 
extension. They are terete or subterete antenorly, becoming 
gradually more flattened toward the caudal end, where the 
margins are often sharp or even flanged. No very definite ex- 
panded sucker at the anterior eud, but rather a mouth over-arched 
by a prominently projecting lip. Caudal sucker also a relatively 
small, little expanded disk directed ventrad and broadly attached 
by a slightly differentiated pedicel Body very muscular, Arm 
and slippery, only rarely softened by the development of 
botryoidal and parenchymatous tissue. 

Eyes usually in two groups, the more anterior (labial group) of 
one or two pairs close together on the dorsum of the lip (II or 
III) and directed chiefly forward, the posterior (buccal group) 
usually of two pairs of smaller eyes directed latero-caudad, on 
the sides of the buccal ring (IV) The latter, or even both 
groups, may be absent, or accessory eyes may be present in the 
dors^ paramedian and intermediate or the ventral submargmol 
senes of the postenor cephalic and anterior post-cephalic somites 
Sensory papillss occur in one to three, more or less irregular, 
transverse rows on each annulus, both dorsally and ventrally, and 
the true segmental sensilIfiB cannot be distiugiuahed from these by 
ordinary surface examination. 

GUtellum typically better developed, or at least more con- 
spicuous, externally than in the Hinididro, completely zonary, 
occupying about fifteen annuli — X&6 to Xnirt2 inclusive, or 
their equivalent. Gonoporea usually separated by less than five 


* The spelling here adopted follows de Blamville’s (1818) original As 
this author employed the same oithogiaphy in two subaequent wiitmgs, there 
can be no question but that it was intentional and piefened Conaeqliently 
theie was no justification for its later alteration by Agasaiz (1846) and 
Blanchaid (1894) Unfortunately the latter author baa been followed by 
nearly all subsequent (including the present) writers, and the erroneous 
though probably oi thogiapliirally prefoiable) spelling is widely prevalent 
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■aunuli (fuU somite), but may be from two to seven annuli apart. 
The male pore is large and usually on somite XII, the female 
flmall and on XIII, but both may be on XII or at its borders, 
and there is much variation. Earely {Barhroma weben) accessory 
copiilatory (?) pores and areas occur anterior to the male and 
posterior to the female gonopore and may be connected with the 
ovisacs by directive or conducting tissue ('‘tissu vecteur,”Brnmpt). 
Xephroporea situated as typical ot the suborder, but in the strictly 
aquatic species, at least, they are small and much more difficult 
to detect than in the Hirudidss. 

Metamerism is more difficult to decipher than in the Hirudidcs 
owing to the obscurity of sensiUss and nephropores, and recourse 
to the nerve-ganglia is often necessary. Complete somitea are 
fundamentally quinquannulate, but, in conformity with the ten- 
dency toward body elongation, there is a corresponding tendency 
toward multiplication of the aunuli, one or more of which may 
be subdivided and resubdivided to form from six to eleven. This 
characteristic is expressed most frequently by far in the enlarge- 
ment of annulus 6 6. -4 2 also is very commonly longer than the 

contiguous secondary annuli and may bear an incipient furrow, 
but subdivision rarely goes far enough to form distinct annuli 
Further multiplication of annuli takes place in tlie presensory 
and postsensory regions, especially in the latter, as illustrated m 
the diagrams of NepJieloj^sis and Trocheta on Plate I. AimuJi of 
the higher orders are often markedly shorter than those of the 
lower orders, and this condition is described by the term 
epactodesmiiie (subfamily Epactodesminas, Blanchard, 1897), the 
equiannulate condition being haplodmnme (Haplodesminee, 
Blanchard). The evidence, however, is against the actual “ inter- 
calation ” of new annuli and m favour of their origm through 
growth and subdivision of the annuli of lower orders. 

All four of the principal colour types occur in this family, but 
the longitudinally striped pattern is by far the most prevalent, 
the others decreasing in relative frequency in the order named — 
(1) transversely banded or spotted, (2) irregularly blotched, and 
t(3) self-coloured. There is much individual variation. In 
contrast to the condition usual in the Hirudidas, the young of 
this family are neaily or quite unpigmented, aud appear more or 
less pink or even bright red, due to the blood showing through 
the translucent tissues. Some of the species of small size seldom 
develop beiond this state. 

The alimentai'y canal and reproductive organs have been 
desciibed with sufficient fullness in the general account of the 
euborder fpp 104-110). However, especial attention needs to be 
directed to the taxonomic value of the two types of pharyux, m 
one of which (Eutkylcemata, Oka, 1923) the unpaired ridge is 
dorsal and the paired ridges ventro-lateral for the entire length, 
and in the other (Sti^epsilamata, Oka) these positions are reversed 
exce[)b at the cephalic end of the pharynx, the posterior part 
having undergone an apparent rotation through 60°. With the 
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stiepsilBBniatoiiB lyjje are sometimes associated -veHtigial tiue jaws 
or solitary teeth (stylets) and usually pseudognaths of larger size- 
(pp 104,106). Earely the stomach is placed m communication 
with the exterior by a median doisal poie or a pair of ventral 
pores, the function of which is unknown. 

All that need be added to the account of the reproductive 
organs (pp 107, 109) is to emphasize the importance tor generic 
diagnoses of the modifications of the atrium and associated parts, 
as indicated under the several genera 

Nephridia haie the general form and distiibutioii usual in rlie 
suborder, but typical genera differ from typical liirudidm in that 
the uepbrostoines lie in tlie ampullar instead of the testicular 
sinuses and remain open, and the uephridial vesicles aie smaller. 

The most noteworthy feature ot the vciscular system is the 
occurrence in most of the complete somites of double pairs of 
vesicles (ampullar sinuses) connected by transverse vessels with 
the dorsal and marginal longitudinal trunks. The blood, which 
Oiia, Johansson, and others regard as coslolymph, is bright red 

Most species of the worm-leeches are strictly aquatic, being 
inhabitants of fresh water of all kinds They are found among 
the vegetation or under stones in the still wateis of lakes, ponds 
and ditches, on the tidal flats ot laige rivers above the point o\ 
appreciable salt mixture, under stones m swift mountain brooks^ 
and equally in sewage-polluted rivers and the pure cold water of 
springs. Some of them (Trocheta) are truly amphibious, and 
leave the water at night to fare far over the land m purouit of 
earth woi ms. Others are more strictly terrestrial. I’liese occur 
especially in South America and in Japan. None of them have 
been definitely reported fi’om India, but they may be expected to- 
occur in the damp hill-foiests They differ greatly in both 
appearance and habits from the true land-leeches They are 
predaceous and, like the amphibious forms, wander about at night 
seeking eaithworms, insect larvce and similar food, and some are 
true burro wers 

The aquatic species include some of the most acti\e of nlT 
leeches. They are powerful swimmers, moving with a gi*aceful 
undulating motion with the body either in a vertical or horizontal 
position and sometimes with the head elevated above the surface 
They are carnivorous and loracious, swallowing various kinds of 
worms, insect larvee, snails, etc., either entire or in large pieces- 
Many also are scavengers, and nill gather in large numbers at 
points wheie the wastes fioin slaughter-houses and fish-canneries 
are dumped. This habit leads them to collect in rners polluted 
by sewage and on the lee shore of ponds and lakes where the 
dead bodies of fishes etc. often become stranded in large numbers- 
None are known to be true blood-suckers, but many will attEich 
to bleeding cuts and abrasions of the skm and imbibe a meal 
therefrom. 

In reproduction they unite in pairs and mutually exchange 
sperinntophores, \ihieh ore double-barreled tubes filled with 
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bundles of spermatozoa. These are attached preferably to tne 
ventral face of the clitelJar region, which is a specially receptive 
area, but may be attached elsewhere. The integment at the point 
of attachment undergoes partial histolysis, and the spermatozoa 
penetrate hypodermically and travel to the ovisacs, where 
fertilization occuis. The fertilized eggs are laid in smaU, flat, 
pouch-like and thin-walled capsules, formed by the clitellar glands 
and attached b^ one flat side to stones, sticks, plants, etc., in the 
water. Each capsule contains a small number of eggs suspended 
m an albuminous ]elly. In development a remarkable meta- 
morphosis is passed through, during which most of the embryo is 
discarded, and the body of the leech arises from a new and 
localized area of development Seldom more than four or five 
young leave the capsule by one of the two tubular orifices, which, 
may be closed by a plug previous to hatching. 

So far as known, the Erpobdellidss have little economic- 
importance. The larger species make excellent bait for such 
fishes as bite on earthworms, their extreme toughness, vitality 
and activity being their thief merits Immature nematodes and 
the larval stages of both trematodes and cestodes are common 
parasites, the latter probably finding their definitive hosts in 
fishes or fish-eafcing birds. 

Our knowledge of the Indian species of this family is still very- 
incomplete, and nearly all of what is known was contributed by 
Eiaboraki (1921), who described several interesting new forms. 

The genera here recognized are in need of further revision. 


Key to Genera and Suhgen&ra of Indmn Erpdbdellidce* 

I. Pharynx with muscular ndges at anterior 
end median-dorsal aud paired ventro- 
lateral, but immediately Dehind buccal 
region twisted spirally anti-clockwise 
through 60° aud continuing for most of 
the length as median-ventral aud paired 
dorsal ridges {Strepeilamata, Oka, 1923) 

A No dorsid canal trom stomach to exterior 
a. No onteiior vestigial jaws or teeth 
(stylets) in pharynx, no accessory 
post-cephalic eyes. 

1 Complete somites quinquannulate, 

the lost annulus {b 6) not obviously 
enlarged and subdivided , eyes 
limited to labial and buccal groups, 
atnum deeply divided, with promin- 
ent cornua, and ducti ejaculatorii [p. ISO. 

with long preatnal loops . . Erpobella (s sti*.), 

2 Complete somites variously sub- 

divided into long and short rings, 
usually octo- or novem-annulate ; 
eyes typically as in 1 , atnum as 
in 1, but with cornua usually 

spirally wound Tbochbta, p. 161, 

E 
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aa, Oae or two stiliform teeth on anteiior 
end of each pharyngeal ndge, eyes 
A ariable , complete somites qumquaa- 
niilate, but with h6 moie or leas 
enlarged and subdivided , atnum not 
deeply cleft and ducti without long 
preatrial loops 

S Eyes as in Ef'pohdella, no accessory 
post-cephnhc eyes , accessory copu- 
latoiy pores oi areas at X/XI and 
Xni/XIV . . . Babbronia, p, 135. 

4, Submarginal accessoi^ eyes on severel 

po8t>cephalic f-eginents. No ac- [p. 140 

ceasory copulatory pores . ^ HiwiPOBDKLLomEA, 

AA. A dorsal canal between stomach and 
exteiior 

5. Complete somites highly complex, 

much as in JYocheta , eyes one [p. 149. 

pair on dorsum of head ... . Foraminobdblla, 


Q-enus EBPOBDELLA, Blamville. 

Synonymy • 

HelluOf Oken, 1816, not HelliiOj Benelli, 1813 (Insects) 

JEjpobdella, Blainville (in Lamarck), 1818, Blamville, 1827, 1828. 

N^helis, Savigny, 1820 (1822). 

Set'pohdella^ Agassiz, 1846 

Heipohdella^ Blanchard, 1894, and subsequent writers 

J^pobdella^ Mooie, 1891. 

Ihagnosis — Oomplete somites quinqunnnulate, all annuli of 
approximately equal size and deyelopment, or 5 6 slightly longer 
but not obviously subdivided, at least not much more so than the 
others Eyes usually three or four pairs, one or t\\ o pairs m a 
labial group on the dorsum of the hp, and two pairs on the 
Bides of the buccal ring. Yasa deferentia in all known species 
form long preatrial loops reaching to ganghon XI ; atrium deeply 
cleft, prostate cornua prominent, simply curved but not spirally 
coiled (goat-homed, nob i am-homed). 

Type, Biinido vulgaris^ Muller, 1774 (in part, excl. Hirudo 
iestacea, Savigny, 1820 (1822)). 

Only known Indian species Eyes four pairs; gonopores 
separated by three (2 1/2-3 1/2) annuli. E, ootoculaia (Lmnssus) 


24. Erpohdella octoculata (Lmnmus) (Plate VI, fig. 12.) 

Synonymy^ European * 

Kii'vdo octoculata Lirmseus, 1768, p 649 
Hxrudo wilgaj'is Muller, 1774, p 40 (in part) 

ErpobdeUa vulgans, Blamville (in Lamai'ck), 1818, p. 296 (m part). 
Birudo 1820, p. 296 (fig ), 

Ne/phelis atomana, Moquiu-Tanaon, 1826, p 128 (figures). 
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Rei^yobdelUi atomai'ia, Blanchard, 1894, p 66 (complete European 
aynonomy and hgmes), 

Heipohdella octoculataj Johansson, 1909, p. 376. 

Asiatic : 

Hetpobdclla atommiu (Carena), Oka, 1910, p 117 (Japan,' very 
atbuiiclant, sax poiea X 2 1/2 aun ) 

Hejpobdella octoculaia (Linnreus), Oka, 1917, p 166. 

HeipohdeUa octocidata \ai atomai'iaf Oka, 1917, p. 176 (Lake 
J3iwa, Japan) 

Herpobdella Muller), Kabuiaki, 1921, p 703 (Lahore, India, 

aU young examples, sex pores X 2 1/2 aun.). 

Ei'pohdella octomildta (Linneeus), Moore, 1924, pp. 363-367 (Kashmir, 
and Soochow, China). 

Diagnosis . — Length up to 70 mm., but smaller in India Oolour 
in life clear or dull brown tinged with green, the dorsum with 
iriegular, inoie or less confluent, dusky spots, intermixed with 
yellowish spots, which pi ©dominate on the sensory annuli (a 2), 
resulting in a characteristic pattern of pale, transverse bands on. 
a dark ground , venter paler and unspotted. Eyes normally two 
pairs in each group, labial and buccal Gonopores usually 
separated by three annuli (2 1/2-3 1/2). Enlargement and 
subdivision of A 6 very slight. 

DescHption . — Indian specimens probably do not equal the 
maximum size of the species lu Europe, the largest of over two 
hundred examined being 49 min long, and most of them less tlian 
35 inm. Other measiuements of the large one are length to 
male pore, 11 3 mm. , buccal width, 14 mm , width at male poie, 
3*7 mm ; maximum width (beginning of caudal third), 4 3 luin. ; 
maximum depth (middle), 2 5 nun. ; diameter of caudal sucker, 
3 3 mm. Tina is a moderately extended example ; contracted 
ones are relatively mucli broader and flatl-er 

Form somewhat more robust than most Indian species of the 
family, of nearly uniform width, but attenuated anteiior to 
the clitellum, and in the caudal region tapered gently m a wide 
curve mlo the pedicel Buccal and preclitellar legions terete, 
becoming, farther caudad, more depressed with elliptical cross- 
section, and then gradually strongly depressed, with sharper 
marems, but without distinct flanges at the caudal end. 

Head relatively small, the lip semicircular with thickened rim 
all round passing into the buccal margin. Mouth of medium 
size and circular form. Eyes normally foui pairs, the flrst on II, 
the second at the furrow II/III or chiefly wjthiii III, the third 
and fourth pairs at the sides of the buccal ring on IV a 2. The 
first two pairs are slightly larger and look chiefly forward, the 
buccals caudo-laterad. The eyes are subject to much variation. 
The first two may be coalesced on one or both sides, iii the latter 
case forming a single large, either composite or simple, pair. In 
one case those of the first pair are coalesced into a single median 
eye. Any on© or more may be absent or variously subdivided, 
and there may be other supernumerary eyes, especially on III. 
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Ohtdhim \rell marked m breeding indniduals from 20 min^ 
long upward, extending ovei fifteen or occasionally sixteen 
aimnli (X 6 6 to XIII a 2 or 65 mcluaive) Gonopoies normally 
in the furrows XII 61/62 and XII 6 5/6 6 respectively, that is, 
with three full annuli inter\emng, but either the male or, more- 
rarely, the female pore uiav vaiy as much as halt the length of an 
annulus in the caudal direction, resulting m interials between 
them ot from t\\ o and one-half to three and one-half annuli. This 
happens very much more fiequeutlyto ihe male pore, \ibich m 
about half ot the Indian examples lies ]usti\itlmi the cephalio 
border of 6 2 aud may be as far as the middle, thus reducing the 
intervals between the gonopores to two and one-half annuli as in 
the Japanese race characterized by Oka (1910) The female poie 
is much more stable, but maj he within 6 G and in one case is close 
to the furrow XU/XIII, thus closely approaching the condition 
m E testacea. There is nothing distinctive about the form or 
surroundings of the gonopores and there are no copulatory pores. 

The uephropores are very minute aud m the usual position of 
the caudal border of 6 2 of somites Till to XXIV inclusive. 
Anus laige, with furroiied lips and situated at XXYI a 2/a 3 or 
XXYI/XXYII. Sucker ciicular, little expanded beyond the 
broad pedicel, directed ventind, with four pairs of faint radiating 
ridges on the dorsum, and m most ot these specimens rather 
deeply cupped on the venter The sucker la relatively larger on 
youug specimens. 

Odour , — There is no information concerning tlie living colour 
of Indian examples. Harding (1910) thus describes and figures 
British specimens : — “Above usually fulvous or greenish hi ovn,. 
except at the anterior extremity with a transverse senes ot 
reddish or yellowiah-white spots on every ring and geneially with 
a black reticulated pattern The third ring of each somite is^ 
rendeied conspicuous by the accentuation ot the yellowish-white 
spots which are often fused into a transverse band, and by the 
absence of black pigment, Yentrally paler and unicolorous 

In the preserved specimens the green colour of the soluble 
pigment and the red colour of the blood are lost, the ground 
being grey, pale yellow or whitish, usually paler and unspotted 
on the venter, but occasionally clouded on tbe more heavily 
pigmented individuals Doraally the pattern is quite typical 
There la a more or less distinct reticulum, varying in size of mesh,. 
of daik pigment, which, by sinking to a deeper level in a median 
field of about one-fifth of the body- width, becomes obscured, thus- 
leaving a paler longitudinal stripe separating a pair of much 
broader dusky or brown stripes extending nearly to tbe yellowish 
margins. In these dark fields appear numerous rounded, or, in 
some cases, elongated pale yellowish spots which may be more or 
leas confluent and usually become more numerous or larger 
toward the margins. The dark reticulum is usually deepest in 
intensity along the borders of this median pale field and 
diminisheB toward the margins. It is also usually deeper in tbe 
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pharyngeal region, owing to a reduction in size of the pale spots 
and the consequent concentration of the pigment On the neural 
or sensory annuli {a 2) the pale spots show a marked tendency to 
unite into cross-bands and to replace the black pigment, especially 
toward the caudal end, where the sensory annuli may be com- 
pletely pigmentless and appear as metamerio pale rings, very 
•conspicuous on the darker specimens On some specimens it is 
very striking that the larger annulus of the bianniilate somite 
XXVI has the anterior half (al) dark and the posterior half (a2) 
pale. The same is true to a less degree of XXVII. 

I'roin this strongly-marked type characteristic of the species 
there are frequent variations. A less-marked tendency toward 
depigmentation is often noticeable on the first annulus (5 1) as 
well The pigment may fade in intensity generally, or it may, 
as 18 more frequent, fade and disappear luoie or less completely 
from the margins mediad, or from the caudal end cephalnd, 
through all intei mediate stages to the final condition of reduction. 
This last IS characterized by a pair of narrow dark stupes, in- 
variably constituted of a netwoik or of irregular more or less 
confluent spots, bordering the median pale stripe. Or the 
pigment may be confined chiefly to the pharyngeal (preclitellar) 
region. One specimen in which the dark stripes were particularly 
well developed had them united across the median pale field by 
•occasional dark bands, producing a ladder-like effect. The head 
IS usually pale and the caudal sucker marked by irregular spots 
like the general pattern. Young individuals maybe qmte colour- 
less and translucent or they may be grey or liver-coloured Some 
of those found in clear, cold bi ooks are very dark brown or even 
almost black, with the reticulum very heavy or nearly sohd and 
the paramedian stripes veiy dark and continuous 

Annulation — Typical Indian specimens have the somites con- 
stituted as follows — I and II, unianiiulate , III, biannulate ; 
IV, biannulate, with the fiist annulus larger and incipiently dn ided 
on the dorsum (al, a2)>a3, hut united on the ventei , V, bi- 
aiinulate , VI, triannulate, al=a2<a3, VII, quadvannulate, 
al = a2=56=66 or &5 slightly <6 6; VIII to XXIV, qum- 
quannulate, 61=6 2=a 2 = 65 shghtlv <66 On XTI to XXITI 
i 6 IS not only slightly longer but has a very faint furrow on the 
dorsum, and a 2 also is slightly, though less, enlarged. XXV is 
triannulate, a 1 = a 3 > a 2 with a very famt furrow on the dorsum 
of , XXVI, biannulate («1, ffl2)>a3, with the faint furrow 
«l/rt2 limited to the dorsum ; XXVIT, one or two incomplete 
aunuli The principal variations ai'e that X X T V rarely is quad- 
rannulate and the incipient furrows on caudal aiinuh may be 
more or less deep. 

Anatomy , — Testes numerous and small, occupying the sides of 
somites XVII to XXIV. Epididymes or spermatic vesicles much 
enlarged and closely convoluted, reaching from XIV to XVII. 
Ejacifiatory ducts with long preatnal loops reaching to ganglion 
Atnum with a pair of semi-erect, simply-curved prostate 
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cornuaj provided at the base with a layer of prostate glands, and a 
fluiall impaired globoid chamber eversible into the shallow buisa 
mto which its ventral face projects. Ovisacs typical, as descnbed 
for the family. Pharynx with the median umscular ridge ventral, 
except close to the anterior end, where a twist placmg the right 
paired ndge m the median dorsal position occurs , no visible 
vestiges of jaws, very small pseudognaths , cbnmbois ot the stomach 
little differentiated. 

Oeographcal Dishnbution and Bionoimcs . — This species is widely 
distributed throughout tempeiate Europe and Asia, from the 
British Isles to Japan and fiom ticaudinavia and northern Sibeiia 
to the Mediterranean and the nortlieiu diatncts oi India 
In this great area many local races and vaiieties have been de- 
scribed, to which a long list of names have been given. Blanchard 
(1894) and Johansson (1910) especially have studied the synonymy 
and have determined the identity of these, but Johansson, whose 
conclusions have been followed heie, has reversed Blauchard^s 
application of the two names M octoculata (LinniBus) and 
JI. tesiacea (Savigny). 

In northern India the species may differentiate into a geo- 
graphical race or subspecies. The last aunulus (6 6) of complete 
somites appears to be better developed than in Europe, thus 
approaching Dvna more closely. Kabuiaki (1921), indeed, was 
led to refei his examples to Dma lineata (Muller), but the 
difference between these and typical specimens of the latter 
from Palestine and Europe is very apparent. 

Indian recoids are entirely from Kashmir, where the species is 
abundant and widely distributed, and from Lahoie, in the Punjab,, 
where also it is abundant. Doubtless it occnia much more widely^ 
The greatest altitude recorded is 5600 it. It lives m a variety of 
fresh waters, in swamps, ditches, ponds and lakes, and in sluggish 
streams, as well as in swift, cold mountain brooks It is equally 
at home among aquatic plants, on muddy bottoms and under 
stones, Sometimes it is found in springs in association with 
Hemiclepsis marginata rts?«iica, a subapeciea ot another temperate 
European species. 

The only food found in the stomaclis of those examined was 
small oligochcBte worms (Tubificidse), sometimes in great numbers,. 
Undoubtedly m India as in Euiope they feed also on insect 
larvee, molluscs, plananans and similai sott-bodied inveitebrates. 

No egg-capsules occur with the Indian specimens, but there la 
no reason to expect them to differ from the European pi eductions 
as described and figured by Moqum-Tundou (1846) and Johansson 
(1909), They are broadly elliptical in outline, about 4-7 mm* 
long and two-thirda as broad, flattened, with the attached face fiat, 
the exposed lace convex, and a thin projecting margin all round* 
At each end is a short tubular projection, through w'hich the young 
find exit and which is closed by a globular plug until needed* 
Colour translucent amber or biownish. Attached to stones,, 
plants, etc. 
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Some of the IndiaD specimens are parasitized by larval trema** 
todes and immature nematodes, as is frequently the case in 
Europe. 


Genus BAEBROIHA, Johansson. 

Syrionymy : 

BarlrmiUt Johansaon, 1918 

Dinuj Blanchard, 1896, and Moore, 1924 (m part). 

Diagnosis — Size, form and external characters in general a& 
in Dina. Complete somites quinqiianiiulate, but with the last 
annulus (6 6) enlarged and divided by a more or less distinct 
tertiary furrow, as in Dina. Eyes normally one pair of larger 
labials and two pairs of buccals. Gonopores on XII and XIII, 
widely separated by a neaily lull somite. Median ventral copu- 
latory pita or areas at X/XI and XIII/XIY Vasa deferentia 
opening directly into atnal cornua without preatiial loops. 
Atrium compact, spheroidal, with short simple cornua. Testes 
continued forward into somite XIV. Pharynx formed as in Dina, 
bnt each of the three muscular ridges bearing at its anterior end 
one or two retractile styliform teeth. 

Type-species, Barbromci roucci, Johansson, 1918, pp. 383-390. 
Taf XII and text-figs New Caledonia. (?=-Dina wehen 
Blanchard, 1897.) 

One known Indian species, B. weheri. 


25. Barbronia weberi (Blanchard). 

Synonymy . 

Dina wehei z Blanchard, 1897, pp. S5S-S66 ffigs. onnulation). Type- 
locality, Java, also Sumatra and Celebes. 

SeiyobdeUa liexoculata Kahuraki, 1921, pp. 703, 704 (hg annu- 
lation) Oeuti*al and North-West Provinces, India. (Young 
without accessory pores ) 

Dzwfl Blanchard, Moore, 1024, pp 368->870, fig Kashmir, 

Naim Tal, Central Provinces, and Simla Hills, India 

P Baihroma roitxi Johansson, 1918, pp. 383-390, figs. 8-6 & pi lu. 
N Caledonia. 

Diagrijosis. — Small, 25-35 mm long Living colour unknown, 
probably reddish, as little pigment is present. Byes normally 
thiee pairs, one large pair on dorsum of II, two smaller pairs on 
sides of anterior annulus of IV, Gonopores separated by four 
and one half or nearly five iinnuli, the male situated at XII 61/62,. 
the female on the middle of XIII 6 1 , accessory oopulatory pores 
and aieas at X/XI and XIII/XIV and are very characteristic 

DesorvpUon — Length of extended preserved specimens rarely 
exceeding an inch, the laigest 36 mm. long and 3*8 mm. m maximum 
width. One of nearly this size bub less extended measures • length, 
27*5 mm. , length to male pore, 12 mm. ; buccal width, I'o mm. ; 
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Width at male pore, 3’5 mm. ; maximum width (at XVI-XVH), 
5 mm. , depth nearly uniformly, 1*6 mm , diameter of sucker, 
2 mm. 

Form slender, like most small Erpohdellidse of nearly uniform 
width behind the clitellum, and tapering anteriorly to the very 
small head ; the caudal end broadly rounded to the sucker. Bucc^ 
and preclitellar region terete, the remainder of the body flattened 
and in the anal region provided with lateral flanges 

Lip narrow, unusually long and prominently projecting, often 
flat and leas arched than usual in the family, ventrally with a 
marginal welt that passes into the buccal iing. Mouth small. 
Eyes normally three pairs, the first larger, close together and 
conspicuous, on the dorsum of the anterior part of the lip (II) ; 
the other two pairs small and on the sides of the buccal ring 
(IV a 2) Irregularities of eyes common. 

Ghtellum thick and rather prominent on nil sexually active 
specimens, extendmg over fifteen annuli, X65 to Xlli a 2 in- 
clusive ; on some specimens much wrinkled. Gronopores separated 



Fig. 39 — Barbrotita tueberi A complete typical somite (X'VI) from the 
dorsum, showing the annuli and sensory papillae x 16 

by four and one-half to five annuli, Blanchard gives the latter 
as typical of specimens from the Malayan Islands, but Indian 
specimens almost invariably have the former The male pore is 
usually at XIF b l/h2 or slightly m il, the female pore on 
XIII 61, This holds true tor all of sixty Indian examples 
studied, with the exception of a specimen 35 mm. long from Nepal, 
in which the female pore is situated in the furrow XII/XIIl, 
four annuli behind the male. For his HerpohdeJla liexocuhta^ 
Eiaburaki gives the male pore as XI (XII as herein counted) h 2, 
the female XII (XIII) h 1/62. The male pore (fig 40, d ) varies 
much in appearance. In immatuie examples it is a small, simple 
round pore m the furrow. In fully mature ones it becomes a more 
or less conspicuous crescentic opening on the summit of a 
prominent conical or mammilliform papilla or, if the bursa be 
everted, an elliptical pad-like disk spreading over the two con- 
tiguous rings and with its greatest diameter transverse. The 
female pore (?) is a small rounded or aht-like orifice which rarely 
vanes from a middle position on the annulus The accessory pores 
(fig. 40, cp.) are very constant in position, but vary m size and 
appearance with the size and maturity of the worms. The first 
(oj5. 1) is at the furrow X/XI, the second {cp,2) at XIII/XIY. 
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Wlien fuUy developed each presents a slightly swollen or rarely a 
sunken area of the integument extending over two, three or even 
four annuli, distinctly discoid when best developed and surrounding 
the actual pores, which have thickened bps In such cases the 
pores are large and open. In sections these areas exhibit numerous 
unicellular glands and integuinental blood-vessels. Tlie pores 
themselves are merely the orifices of small pit-like deepenings of 
the furrows which exhibit no particular differential stnictuie. 
The ©pithehum is slightly thickened and the glands and blood- 
vessels fewer. The posterior pore is most frequently conspicuously 
developed, but may be small or absent, even on mature leeches. 
The anterior pore is absent in about one-third of the individuals 
with developed chtella, and even all trace of the glandular 



Fig. 40 — Barh(ynKi weberi Olitellai region (somites X to XIV), fioin venter 
X 10 dt ®^^d §, female gonoporea , , nephroporea , cp 1, 

anterior, and o^p % postenor, oopulatorj pores and areas. 


thickenings may he absent. This is true of either one or both 
pores of some fully mature worms. On small and immature 
individuals theie is often no trace of either pores or glandular 
areas. Some of the specimens described by Kaburaki ns E hex-- 
omlata are such immature specimens, but three of the larger ones 
(17-19 mm. long) clearly show the accessory pores, so there can 
be no question of the identity of the two species. It is evident, 
therefore, that these structures are best developed at full maturity 
and probably seasonally. Their function is less certain as no direct 
observations have been made. Probably they serve as accessory 
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copulatory organs and receive the spermatophores, and conse- 
quently may be regarded as special copulatory areas with directive- 
tissue. In the single one sectioned theie is no trace of sperma- 
tozoa in the pits, but in another example in which the entire area 
surrounding the antenor pore is sunken, the depression is filled 
with a granulated mass which may contain spermatozoa 

Anus large, with raised and ofreu fuirowed margins, situated at 
XXVI/XXV’II. Sucker relatively large, owing to slentlerness ot 
body sometimes of a diameter little leas than the masjimum width,, 
but in no other way distinctive. Nephropores in the usual 
posbion on piobably tiom VIII to XXJY inclusive, but very 
small, and the first and the last two pairs not certainly demon- 
strated. 

AnniilcUion (figs. 39, 40, 41, & 42) sharplv defined throughout 
Annulus 6 6 is distinctly enlarged and subdivided luto cli and 
cl2 on all complete somites and even as far forward as VII. 
Beginning with XXI it becomes less enlarged, but is clearly 
recognizable by its greater length as Ear as XXIII. -4 2 also 
IS slightly enlarged and subdivided. The remaining annuli 
of complete somites ore very regular and equal. The seuse- 
oigaiiB are very small, often scarcely discernible, but have 
the arrangement characteristic of the family. Somites I and II 
are uniannulate, III bianiuilate, IV biaunulate, or triannnlate if 
the furrow alja^ antt-rior to the eyes be considered sufficiently 
deep to be counted, all uniting veiitrally to form the buccal ring \ 
V bi- or triannnlate VI is regularly tnannulate {a 2 <a 3), 
the last occasionally with an incipient furrow, VII quadrannulate 
(61,62) = a2 = 65<66), the last with an incipient tei tiary furrow. 
VIII-XXIV are complete and qumquannulate, the first two or 
three having the toiinula 61 = 62=:65<a2<66 ((? 11, cl2), the 
last a 2>6 1 = 6 2>65=6 6. XXV is tnannulate, occasionally,, 
as m one figured, with faint furrows. XXVI biaimulate {a 1, 
a2)>a3, and XX VII biaimulate and post-anal Occasional 
specimens exhibit very faint ciosa- Furrows on most of the annuh^ 
but these are much less developed than the distinct furrows on 
6 6 and a 2 

Oolour — There is no information concerning the living colour. 
Most of the preserved specimens are pale yellow and greyish, 
either without pattern or with faint lines or reticular maiking. 
One specimen of the largest size from the Nepal Valley is marked 
with large, sprawly black blotches 

Alimentary canal of the form usual in the family, the pharynx 
strepsilasmatous, with ventral and dorso-lateral ridges except at tlie 
cephalic end, where their position is reversed. Small pesudo- 
gnaths and vestigial jaws each bearing two (or one) retractile 
styliform teeth arranged in tandem. Stomach sacculated, with 
walla excessively thin. 

Reproductive organs little distinctive, the most important feature 
being that the small testes, normally develooftd from XXJV to 
XVII, continue in smaller number forward to XIV also. The- 
exact number was nou determined, but appears to be about eight 
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Fig 41 —Barhronia wehen Dorsal aspoofc of anterioi end (I-X'), showing 
annulafcion (notation on right side), eyes and position of nerve-ganglia. 
Relative depth of farrows is partly indicated by strength of the lines. 



Fig. 42 — BarbioThia wehen Caudal end (XXV-XXVU), from the dorsum,, 

showing annulation (notation at right), anus (^a ) and suoker x 



140 


EBJOBBBIjrilD^. 


or nine on each side o£ each segment The speim-ducts form no 
preatnal loop at all, but end abruptly at the sides ot the atrium 
and empty into the apices of the prostate cornua. Epididymes or 
sperm-vesicles enlarged but nearly straight, unfolded. Atrium 
resembling that ofc Dina mioro&ioma^ short, thick, compact and 
spheroidal, the horns very short, suberect, simply curved, pro- 
jecting dorso-laterad from the caudal end of the dorsal face of 
the atnum Ovisacs m three dissected lack the long caudal 
extensions usually pi'esent, and consist of short, rounded, irre- 
gularly gJoboid bodies with short, thick, somewhat twisted, 
caudo-lateral lobes. Prom the former a pair of short oviducts 
pass to ]oin in the middle line ventral to the nerve-cord and open 
at the female goiiopore 

Geographic^ ListrihuUon . — ^The type-locality is Java, and 
Blanchard has recorded the species from Sumatra and the Celebes 
also. The writer has numerous examples from Borneo and the 
Philippines, and has recorded (1924) examples from Kashmir, the 
Kumaon Lakes, Naim Tal, W. Himalayas, Pengona, Berar, Central 
Provinces and the Simla Hills, Punjab. Under the name of 
Eerpohdella hexoculata, Kaburaki has descnbed immature speci- 
mens from Burhampiir and Hoshaugabad, Central Provinces and 
Baifculgharib stream, Nowsliira, Peshawar District, N.WP. Prov. 
It 18 now possible to add a record from the Nepal Valley, E. Hima- 
layas, at 4500 ft. The greatest altitude recorded is 6300 ft. m 
Nairn Tal. Thus it will be seen that, although widely distributed 
in the islands south of India, all of the Indian records are from 
the highlands of the extreme noithern districts None have yet 
been reported from Ceylon or the greater part of Hindustan and 
Burma. 

Nothing IS known of the habits of the species, which occurs 
under stories m streams, ponds and lakes m association with 
Qlos&iphonixt annadcdei^ and m one case with Hceniadipsa ^eylanioa 
■agihi 

B. roiuxji, Johansson, resembles this species very closely, but as 
descnbed there are slight differences, especially in the reproductive 
organs, which may he diagnostic or due to the condition of the 
specimens. 


Genus HEEPOBDELLOIDEA, Kaburaki. 

Synonymy ; 

Eei pohdeUoidea, Kaburaki, 1921, p 706. 

NeniatohdeUay Kaburaki, 1921, p 706 

P Salifa, Blanchard, 1897, p 7, te\t-fig. 8, Taf, iv, fig. 2. 

Type-species, Herpohdellmdea lateroGuhta Kaburaki, 921, 
pp. 706, 706, fig. 4. Central Provinces, India. 

There is little doubt that this genus is a synonym of the African 
leech Salifa^ Blanchard, tlie type-species of which (S, p&rspieass) is 
almost identical with E, indica, but as the pharynx is figured 
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without teeth it is safer to leave the questiou open until the 
anatomy of Sahfa has been reinvestigated 

Diagnosis — Small and slender. Eyes, a single dorsal pair on 
the head and several smaller submari^inal pairs on the sensory 
annuh of somites IV to TX, or some ot them. Complete somites 
showing a tendency toward enlargement and division of the fifth 
annulus (& 6) and to a lesser degree of the third annulus (a 2). 
Pharynx and atnum of the Dina type, but the former with two 
rectractile teeth or stylets on each ridge. The variation m 
the number of accessoiy eyes in the two species indicates 
their derivation from a type having more numerous pans, like 
Trematohdella, 


Key to Indian Species 

1. Complete somites quinquam3ulate,di\isioji o 

6 0 incipient , gonopoies aepaiated by two 
and one-half to three annuli , hist pan of 
eyes on IV , the accessoiy eves vanable, 

four or five pau’s, on IV to IX H lat&oculata, p 141. 

2. Complete somites aexannulate, 6 6 com- 

pletely subdivided into two unequal annuli 
(cll and ol2), gonoporea separated by 
five annuli, first pair of eyes on dorsum 
of ni , the accessory eyes five pairs, on 
IV to IX inclusive . K indxca^ p 144 

26. Herpobdelloidea lateroculata Kaburaki. (PI. VI, figs. 13, 
14) 

Synonymy 

Keipohdelloidea lateiocukita Kabul iiki, 1921, pp 706, 706, fig 4 
(annulation) Cential ProMnces, India 
H lateroculata Kabul aki, Moore, 1924, pp 870, 871. Manipur, 
India. 

Diagnosis* — Size even smaller and form almost as slender as 
H. indica* In hfe translucent pale buff with darker alimentary 
canal. Eyes five, or rarely six, pairs, the first larger and doisal, on 
IV, the others ventro-lateral, on IV to VIII, larely IX, inclusive. 
Complete somite quinquannulate, with the last annulus (6 6) more 
or less enlarged and incipiently subdivided. Q-onopores separated 
by two and one-half to three annuli, the male being in XII a 2 
or h 21a 2, the female very constantly XII/XIII Peeudognaths 
well developed, and two anterior teeth (stylets) on each 
pharyngeal ridge. Atrium simple, globular, sperm-duct lacking 
preatnal loops. 

Type in Indian Museum 

Description . — In life it is possible that this species does not 
ordinarily exceed an inch in length when extended. The largest 
well-extended example in the coUection measures 17*6 x 1*1 mm. 
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Most of the others are under one-half inch in length, one such 
measuring 12 mm., with a maximum width and depth at caudal 
end of the clitellum of 1‘8 and 1*1 mm. respectively and a sucker 
diameter of 0*7 mm. 

Form slender, but probably somewhat less so than xndica^ 
subterete throughout except toward the caudal end, where the 
depth may be only one-half the widtli and tiie margins somewhat 
sharp, but in fuller extension rounded. Greatest width at the 
caudal end of the chtellnin, from which the body tapers both 
ways, but very little caudally. Head small, but the lip much less 
prolonged and narrowei than in H wdica, rather broadly rounded 
at the end, as well represented in Kaburaki’s figures. Oral 
chamber nnd mouth small for the family, with thickened furrowed 
margins. First pair of eyes on dorsum of lY, unusually far 
behind the end of the lip, well separated, large and directed chiefly 
forward. Occasionally there is an additional very small eye on 
-one or both sides close to the larger oues Supplementary eyes 
variable in size, number and exact position, siibmarginaJ, on 
annulus a 2 or its equivalent of lY to YIII, Y to YIIl, and Y or 
YI to IX ; the pair on lY rarely present, that on Y sometimes 
very small or absent, that on YIII larely absent and then replaced 
by a pau' on IX, tlie latter absent from most examples and on one 
specimen represented by a single eye. These are true eyes, having 
the same structure as the first pair, but never more than one-half 
as large. The pair on lY is directed eephalo-laterad, the others 
caudo-laterad. Those on lY represent the more posterior or 
buccal group of eyes of Eipobdella^ the anterior or labial group of 
the latter being absent. 

Ohtelliiin well developed as an opaque glandular layer on 
specimens as small as 9 mm. long, of fifteen or sometimes sixteen 
(X 6 6 or occasionally a 2 to XII a2 inclusive), completely annular 
and sharply defined. Q-onopoies separated by from two and one- 
half to thiee annuli, the female being constantly at XII/XIII,the 
male at either XII 62/a 2 or within a 2, close to the cephalic border 
or even as far as its middle Both are small but open, rounded 
oufices, the male somewhat the lai ger and in some cases surrounded 
by a slightly thickened eiicular glandular area extending over the 
bounding annuli Anus and caudal sucker as H. zndica Nephro- 
pores as usual, seen only in sections. 

(/oZour described by Annandale tiom living specimens as follows : 

“ pale buff without external markings Anterior part of body 
[clitellum] opaque, posterior semi-tianslucent with a dark stieak 
showing on each side and due to some internal organ ” [testes and 
walls of stomach] Preserved specimens are yellowish, without 
definite pigment pattern but with traces of fine hnes betw-een the 
longitudinal muscle bands. 

Annulatwn at the ends obscure and not fully worked out on 
the available material. Complete somites (VII to XXIY) 
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quinquaimulate, 6 6 usually sbghtly enlarged and subdivided, ap- 
proaching VI 18 quadrannulnte; V biannulateor tnannulate; 
lY and probably IIT bionnulate, and I and II probably uniannu- 
late. At the caudal end XXIV has h 6 reduced nearly to the size 
of & 5, XXV tnannulate, and XXVI and .XXVII unceifcain. All 
annuli are shghtly roughened both dorsally and ventrally by small 
papillsB best developed on posterior segments. Except for their 
frequent enlargement on the margins of a 2, they appear to show 
no definite differentiation. Some specimens are thickly studded 
■with small opaque glands not. evident on others. 

Anatomy of alimentai'y generally similar to that of H. indica^ 
The pharynx has a ventral median ridge for most of its length, but 
near the aiitenor end a spiral twist of about 60° m a clocks ise 
■direction when viewed from in front places the right doiso-lateral 
ridge in the median dorsal position and the paired iidges ventrad, 
-each ridge bearing two long conical teeth or stylets placed tandem 
near its cephalic end. The soft pseudognaths alternate with the 
ends of the three ridges, and are long, narrow triangular folds of 
epithelium and muscle Intestine broader than stomach and 
hearing four pairs of short simple pouches. 

Reproductive organs of the Dina type. There appear to be only 
about eight pairs of testes on each side of eacli segment from 
XXTV to XVIII. Much folded epididymes m XVII to XIV and 
no preatrial loops of the ducti ejaculatorii. The very email ntnum 
18 sphei’oid without the conspicuous muscular covering of 
H, indica^ but with an aggregation of glands at the prostate end. 
Prostate cornua small, curved, running directly laterad from tlie 
atrium. 

Geographical Distribution and Bionomics . — Little is known of 
the geographical distiibution and bionoimcs of this species. 
Kabiiraki’s types came from Bushampur and Saugor, in tlie Central 
Provinces ; other specimens are labelled outside Farm Caves in 
Moulmein, Lower Burma”, “Xhardi Nadi, Loktok Lake, 
Manipur, Assam, 2600 ft”; “ Coviloar ” They aie found in 
small streams and ponds. 

Dr Annandale bad the following note on the behaviour of 
specimens, the locality of which is not stated : — ‘This little leech 
18 remarkably planarian-like in life It moves lapidly along the 
surface of water-plants etc. without looping its body, the whole 
of which IS kept in contact with the surface along which it is 
moving, while the posterior and anterior suekeis are alternately 
attached and loosened and the body expanded and contracted. 
The anterior extremity is sharply pointed, and is often moved 
rapidly from side to side as if investigating the surroundings.” 

The stomach of one examined was filled with a mass composed 
of the lemains of insect larvro, entomostracans and debns such as 
IS found in tlie bottom ooze or shine covering aquatic plants. 
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27. HerpoMolloidea indica (Klabuiaki). (Plate HE, fig. 3; VI, 
figs 16,16.) 

Nematohdella indtca Kaburaki, 1921, pp, 706, 707, fig 6 (annu- 
lation), Simla Hills. 

BiagohisiB , — Size small, up to about 40 mm. long , very slender, 
much attenuated anteriorly. Living colour probably reddish , no 
pignient-pattem on preserved specimens. Eyes six pairs, the first 
on in, dorsal ; the remaining five pairs smaller, submarginal, on 
V to IX inclusive. Complete somites of six unequal annub 
(61<52<a2> & 5=c 11 > 0 12), the third {a 2) being the largest 
and the sixth (c 12) the smallest. Goiioporea separated by five 
annuli, the male at XII 6 1/i 2, the female at XII/XIII. Atnum 
a depressed ovoid sac with cornua concealed beneath outer 
muscular coat 

Type in Indian Museum. 

DeBCwjyiion. — Kaburald's type measures 46x4 mm. Those 
studied by me are from 30 to 43 mm. long, the complete measure- 
ments ot one being, length, 40 5 mm.; length to male pore, 9 mm. j 
buccal width, 0'7 mm. ; width at male pore, 1*6 mm. ; maximum 
width (XVI), 3 1 mm. ; width at anus, 2 mm. , depth at male pore, 
1*3 mm , at middle, 1 7 mm. ; caudal sucker, 2*5 mm 

Form unusually slender, nearly uniform for most of length, but 
shghtly wider at middle and tapenng more to the very slender 
pointed cephalic end. Buccal region terete, becoming gradually 
more depressed and the margins sharper until at the caudal end 
small marginal flanges appear. Head very small, the lip naiTov^ ly 
subcorneal and elongated, projecting far beyond the small con- 
tracted orifice, finelv furrowed on the venter and margin, as is the 
buccal nm also. Byes six pans, the first pair much the largest, 
dorsal, directed forward ; on the third ring (Til), occasionally 
divided into two on one or both sides. Supplementary eyes 
much smaller, variable, often increasing m size candad, the second 
pair on the caudal halt of the first annulus of V, the others on the 
middle annuli of VI, VII, VIII and IX directed laterad and 
increasingly caudad (fig. 43). The specimen figured has a small eyo 
on IV, directed forwards Other examples bear minute black 
marginal spots (not eyes) on every annulus of VII and VIII. 

ChteUum well developed as a distinct glandular zone, smoother 
and darker-coloured than the rest of the surface, extending over 
eighteen annuli, or two full somites and parts of two others, from 
X 5 6 to XIII a 2 inclusive Several specimens have the clitellum 
covered with a thin layer of very tough mucous (forming egg- 
capsule?). Male gonopore at the furrow XII 61/6 2 and the fem^e 
five annuli behind at XII/XIII. The former differs much m appear- 
ance, but in all cases is a conspicuous opening. Most frequently it 
is a more or less wide open orifice with furrowed margins through 
which the smooth ventral face of the atnum with its pore may be 
seen projecting iuto the bursa. In others the bursa is more 
or less everted and the atrium appears os a smooth, low, conical 
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Pig 43 —Herpohdelloidea tndica, DorBal aspect of aomites I-X of a olearetf 
specimoD, showing annulation and pigment-oups of ejes. X 86. 

li 
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papilla m the ceutre of a soft ring or a single or double disk of 
mucous membrane. The female pore is a small round opening 
in the furrow. Anus the usual rather large opening at 
XKYI/XXTII, succeeded by from two to four small annuli. 
€audal sucker a small, thin, simple disk directed ventrad and but 
little free from the body, as the peduncle la practically uncon- 
•stricted, Kepliropores as usual, but very minute and difficult to 
-detect (Kaburaki). 

Colour of preserved specimens opaque white or grey, with a 
slight buff tint most marked on the clitelium. No pigment except 
in the eyes and the minute black dots on the maigins of annuli 
about VII and VIII. During life the red blood probably shows 
through the pigmentless skm, resultiiic: in a pmk colour. 

Annuli sharply defined and either smooth or more rarely 
wnnMed. Each bears a nng or two rings of small pointed sensory 
papillflB, the principal ones being connected on successive annuli 
by fine raised longitudinal hues continuous for the entire length 
of the body. Somites I and U (fig 43) are uniannular and form 
the prominent preocular hp. Ill is as long as I and II combined, 
has a faint aii/a3 furrow, and bears the first large pair of eyes. 
IV biannulate, a 3 somewhat smaller, and united on venter to 
form the buccal rmg; rarely bears small eyes submarginally on 
the sensory zone. V biannulate (al, a2)>a3, eyes on a 2. 
VI quadrannulate (a l=a2<6 5<6 6), J6 being distinctly 
enlarged and mcipiently subdivided VII quinquannulate (& 1 > 
&2<a2 = 66<i6 (cll>cl2). VIII sexannul ate (fil<62 = a2 = 
i5=cll>ol2); cl2 is much smaller than the others and, like 
h 1, carnea only one- row of sense-organs, all of the others having 
two rows; a2 bears an incipient 6 3/&4 furrow. Throughout 
this preclitellar region the mtersegmentnl furrows are deeper than 
the others and oll/cl2 is much shallower. IX to XXIII 
sexannulate, diffenng from VTII only in fuller development. 
XXTV quinquannulate, with £6 i educed to the size of a 2 and 
cll/cl2famt. XXV and XXVT together comprise five or six 
annuli, but, with XXVII, their exact composition is uncertain. 

Alvni&ntay'y canal nearly as in Herjpobdelloidea lateroaulata. 
Oral chamber very small, opening thiough mouth directly into 
■very short buccal sinus, the velum being reduced to three (ventro- 
median and paired dorao-lateral) small, slender, triangular lobes 
•(pseudognaths) alternating with the ends of the three pharyngeal 
ndges. Pharynx long and slender, reaching from VI to beyond 
the middle of somite XII, the median ventral and dorsal paired 
Tidges low and flat, especially toward tlie caudal end, wheie the 
pharynx terminates in an annular valve separating it flora the 
stomach. Near the anterior end the ndges tui-n spiially clock- 
wise os viewed from in front until the ventro-median becomes the 
right ventro-lateral and the right dorso-lateral the dorso-inedian 
ridge. Teeth as in H, later oculata. Stomach reaching from 
Xin to XIX inclusive, consisting of six chambers separated 
by slight mtersegmental constrictions. The walls are thin, 
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trauslucent and with mucous lining thrown into fine, high, vermi- 
•cular, longitudinal folds. Intestine similar to stomach, fiom 
which it 18 delimited by a deeper constriction, behind which is a 
pair of small pockets Except that the walls are thicker and 
opaque and the mucous folds higher and more complex, the 
intestine does not differ from the stomach, being similarly slightly 
ohambered. Behind XXIII these chambers become fainter and 
the intestine gradually tapers to the anna. 

Reproductive organs approaching those of Dina most closely. 
Testes mostly in XXIII to XVII, about twenty on each side of a 
flomite, bnt a reduced number continumg forward into XIII. 
Enlarged portion of sperm-duct (epididymis) much folded and 
confined to somites XVII to XV, anterior to this tapering to a 
very slender duct which opens into the middle of the atrium 
without preatrial loops. Atrium (fig. 44, at,) a low ovoid sac 



Fig 44 — Herpohdelloidea indica Outline of terminal portions of reproductive 
organa, from the dorsum X 10 at ^ atrium enclosed m its muscular 
envelope, g XII, ganglion XlT, o, ovisacs, cA, oviducts, vd, vas 
deferens 

Avithout externally visible cornua and in the specimens dissected, 
which are mature and sexually active (taken in July), scarcely 
rising above the level of the nerve-cord. The entire organ is 
completely covered by a layer of the ventral longitudinal muscles, 
from which strands pass obliquely forward and laterally to the 
iDody-walla. When the muscular coat is dissected away, a pair of 
very short prostate cornua is brought into view, and the atrium 
proper is found to have the usual structure and to lie largely 
withm an unusually spacious genital bursa. It is the mucous 
lining of the latter that is everted through the external male 
orifice to form the soft ring and disk described above, often 
carrying the free apex of the atniim with it. If the ovisacs are 
fully mature in these specimens, they present an unusual condition 



148 


B'ttroBDBIiXi.LlJjEi 


(fig. 44, 0 .). They are a pair of small, irregularly globoid sacs, 
each beating a small caudal appendage and continued antero- 
ventrally into a short oviduct {ocL') which meets its fellow in a 
short median duct that passes vertically through the body-wall to 
the female orifice. The entire organ is concealed beneath the 
nerve-cord and the clitellar glands 

That these specimens are mature and serually active is shown 
by the discovery of a sperm atophore (fig. 46) filled \vith sperm 
attached close to the median line on anuulus XI a 1. It measures 



Fig, 46 . — HerpohdeUoidea %fid%ca Outhne of a spermatophore X 36. 

shghtly more than 2 mm. in length and is dead white with a 
brownish covering. An egg-capsule containing three young also 
was found along with the leeches, attached to a stone, and is 
shown in fig, 3 (PI. Ill), as drawn from life. It measures 
7x2'4 mm. 

Qeographioal Jhstribution . — All known specimens of this species 
were taken at the base of the Simla Hills, Patiala State, m the 
Punjab, E^ahuraki’s l^es coming from near Hhuramapur Kooa 
and those described above from Kalka at an altitude ot 2400 ft.,. 
July 21, under stones m a small pool. (See Appendix, p. 297 ) 
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G-enus FOBAMINOBDELLA, Eiaburab. 

Forammohdellaf KaburaJd, 1021, p, 707. 

Type-species, F. Jieptametata KaburaM, 1921, pp. 707-700, 
fig. 6 (annulation). Madras. 

Diagnosis. — Size medium aud form robust. Eyes a single dorsal 
pair on III. Complete somites consistmg of seven annuli, the 
first four large and usually further mcipiently and incompletely 
biannulate, the last three short and representing 6 6, (61 + 62+ 
a2+66 + cll+c?23 + d5 24) . A dorsal opemng into the stomach 
at XIV/XV. Little known of internal anatomy, but pharynx and 
atrium apparently as in Dina. 

From Trematohdella^ Johansson, 1914, which possesses an 
exactly similar opening into the stomach, this genns differs in the 
much more complex annulation of the somite and, so far as known, 
in the absence of accessory eyes and pharyngeal teeth. Com- 
pleter knowledge of its anatomy may necessitate the union of the 
two genera. 

The interpretation of the last three annuli of complete somites 
as c 11, cl 23 and d 24 differs from that generally applied to related 
species, and is based upon the relative depths of the furrows, of 
which d 22>ld 24 is distinctly shallower than c Wfd 23, the shghtly 
smaller size of the last two annuli, and the fuller development of 
the line of sense-organs on cll. Inmost other related leeches 
cll becomes subdivided into d21 and cl 22 while cl2 remains 
undivided. 

Only one Indian species known 


28. Poraminobdella heptamerata Kaburaki. (Plate TI, fig. 17.) 

Synonymy : 

ForaminobdeUa heptamerata KaburaM, 1921, pp 707-709, fig. 6 
(annulation). Madras, India 

Diagnosu. — Size medium, 40 x 5 mm., larger and more robust 
than either of the last three species. Colour (preserved) dark 
grey or slaty above, paler grey below. Eyes one pair, on III 
Complete somites septannulote, consisting of four longer annuli, 
each again partially biannulate, and three shorter, simple annuh. 
Q-onopores separated by a lull somite, the male at XI/XII, the 
female at X LI/XIII- A large dorsal orifice at XIV-XY, opening 
into the stomach. 

Type m Indian Museum. 

DesompUon, — ^The unique type-specimen by which this species 
IS known, when examined by me, measured : length, 39 mm ; 
length to male pore, 9 5 mm. ; buccal width, 3 nim. ; width at 
male pore, 5*6 mm , which is also the maximum width continuing 
to XXII; depth at male pore, 4 mm. , depth at XXII, 2 6 mm.; 
diameter of sucker, 2 8 mm. 
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Form robust, cylindroid or slightly depressed, most so toward 
the caudal eud, of nearly uniform width, though somewhat tapered 
at the ends Lip as preserved very short and broad, coarsely 
granulated below. Mouth large. Eyes one pair, on somite III,, 
rather large, separated by about their diameter and directed 
forward. 

Glitellum thick, sharply defined and completely zonary, extending 
over three full somites, twenty-one annuli, from X 6 6 to XHI a 2^ 
inclusive. Male gonopore at XI/XII, a large orifice with 
furrowed margins on the summit of a prominent conical papilla 
arising from the entire length of both bounding annuli. Female 
gonopore a small round pore deep in the furrow XII/XIIL On 
the dorsum, in the furrow XIV/XY (XIY cll/cl2 according 
to Kaburaki) is a large slit-hke orifice borne on the summit of a 
conical papilla similar in size and appearance to that besiring the- 
male pore. This is the outer opening of a tubular invagination 
of the skin that meets a similar diverticulum from the root of tho 
stomach. The epithelial Iming of the latter is thickened and both 
parts are folded longitudinally. Both m position and m structure 
this 18 exactly like a similai organ described in Trematohdella 
jperspicax by Johansson (1909) Nothing of its function is 
known, but as Michaelson has pointed out, it resembles the 
spermatbecse of certain Oligoehaeta. 

Golour nearly uniform dark grey or slaty above . much lighter, 
with a slight yellowish tinge, below; the clitellum and areas 
surrounding the openings into the body distinctly yellowish. 
Blaburaki gives the colour of the specimen when examined by him 
in 1921 as black above, olivaceous below. 

Annulahon^ — The surface of the body is much wrinkled in deep 
transverse integumental folds, making the interpretation of the- 
annuli difficul t. N o sense-organs or papillss are visible. Complete 
somites (VH-XXIV) consist of seven annuli, the first four being 
longer and each divided by an incipient furrow, the remaining 
three much sliorter, but the last two are separated by a furrow 
much shallower than the others and might almost as correctly be 
counted as one. The formula would be, therefore, 51==&2<a2> 
66>cli=ci23 = ^Z24, or, if the last two he counted as one, 
<ol2 or <(dI23, eZ24). In the latter interpretation cl2 is 
longer than any of the first four annuli and twice c 11. Somites I, 
U and in are umannulate ; lY is biannulate (a 1 a 2) > a 3, and 
bears the eyes on the large annulus; Y triannulate, al=a2< 
(5 6,6 6); TT quadrannulate (5 1, 5 2)=5(5 3, 54)>55=56, XX Y 
quadrannulate or triannulate (5 1, 52)>a2=a3; XX and 
XXYII ])robablv both biannulate. 

Amiomy. — As the specimen is unique and not available for 
dissection, only a few points ot internal anatomy could be ascer- 
tained. The pharynx terminates anteriorly as does that of 
JEferpohddloidea in dorsal median and a pair of ventro-latera 
ridges, but owing to the robustness and contraction of the speci 
men they are broad and truncate. Alternating with these ar 
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three slender pointed pseud ognaths, dorso-lateral and median 
ventral in position. 'No teeth or vestigial jaws are apparent, hut 
might be demonstrated were additional specimens or sections- 
available. 

Atrium globular, bilobed dorsally where it is divided into a pair 
of short, thick, divergent cornua into the ends of which the ducti 
ejaculatoni open without a preatrial loop, as in Herpohdelloidea. 

The label attached to the type-specimen reads : “ stream below 
coolie lines, Ossmgton Estate, Nedurattan, olfc. 7200 ft. Nilgin 
Dist., Madras. Sta. 70 M. L, E. B. S. [Seymour 

Sewell.J 

Nothing IS known of its habits. Although recorded as found 
in a stream, the structure suggests that it is amphibious and 
burrowing. The determination of the function of the gut-pore 
would be of interest, and more and better preserved specimens for 
anatomical study aie very desirable. 


Q-enus TROCHETA, Dutrochet. 

Synonymy 

T) oahetaj Dutrochet, 1 817 

Trochetittf Blamville (m Lamarck), 1818. 

Geobdelktj Blamville, 1827 (not Whitman, 1886). 

Nephelts (m part), Moqum-Tandon, 1826 , Apathy, 1888 
Blanchard, 1897 (teste Oka, 1923), 

Type-species, T suhvxmdu Dutrochet, 1817, p. 130. Erance 

Diagnosis , — Size variable, mostly large and robust. Eyes one 
to four pairs, confined to head. Complete somites typically of 
eight or nine rings, but variable (6-11 Haiding), two or three 
annuli much larger than the others General anatomy of typical 
species similar to but the prostate cornua have a spiral 

turn (ram-homed). 

One species known from India. 


29. Trocheta quadjiocxilata Oka. 

Trocheta quadmooulaia Oka, 1922, pp. 630-633 (figs, annulatdon). 

Inl6 Lake, Burma. 

Diagnosis . — Size small for the genus. Eonn slender. Colour 
during life blood-red. Eyes, two pairs on lY and V. Complete 
somites novem-anuulate (c l-|-c2-l-Z> 2-f a 2-f-c 
d 22 -ho 12), the third (h 2) and fourth (a 2) about twice as long as 
any of the others. Gonopores separated by six annuli, the male 
close to XI/XII, the female XU olO/<Z21. 

As this species is known only from Oka’s two types, his 
description is largely quoted. 

Type in Indian Museum. 

Description . — “ Both specimens are small and seem to be imma- 
ture. The body is long and slender, almost cylmdncal, bemg 
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only slightly wider in the middle than near the extremities. The 
head is rounded in front, forming the anterior lip of the spaoious 
mouth. The hinder sucker is almost circular, a little broader 
than long and is directed ventrally and backward. 

“The specimen from (a depth of) 9-12 ft. measures 24 mm. in 
length and 1 6 mm m width , that from the first-named locabty 
IB 19 mm. m length and 13 mm. in width. The hind sucker is 
almost as wide as the bod}*' m both cases. 

“ External features — The mouth is very wide and occupies the 
ventral surface of the fii'st six rings. It is a spoon-shaped hollow 
directly continuous with the oesophagus No ]aws or so-called 
paeudognaths are -visible externally. 

“ The eyes, in two pairs, are situated on the fourth and seventh 
lings, rather wide apart. In the individual from the first-named 
locality the posterior pair presents an anomaly m the fact that the 
right eye is placed one ring in front of the left eye, ^. e. on ring 6. 
There is no marked difference m size between the anterior and 
posterior pairs. 

“ The gemtal apertures are small, almost invisible, except the 
male opening of the smaller specimen, which is rather prominent. 
The male pore is situated close to the posterior boundary of 
somite XI, the female pore just in front of the furrow separating 
ring 6 and ring 7 of somite XII; they are separated, thus, by a 
space equivalent to four rings of a five-ringed somite. The 
ditellmn is not developed in either specimen. 

“The colour is pale greyisli, a little yellowish anteriorly. 
There is no indication that the animal possessed any pattern 
during life. The surface is perfectly smooth all over. 

“ As I have not studied the anatomy of the specimens, no com- 
parison can be made with allied forms in regard to the structure 
-of internal organs. 

Annulation, — The annuli are very numerous and of different 
widths. Except at the extremities they fall into groups repeated 
metamencally. A somite typically consists of nine small annuli 
arranged m the following older* two narrow, two broad, and five 
nanow.” 

Oka's figures indicate a somite constitution about ns follows ; 
I, n and III are uniannulate ; IV is hiannulute, bearing the first 
pair of eyes on the larger first annulus , V is tnannnlate, bearing 
the second ^ir of eyes on a 2 and forming the post-buccal annulus 
ventrally; Vl is quadratmulate (a l=a2s=6 5< J 6 ; VII quad- 
rannulate or quinquannulate (J I-f& 2) = a2<5 5=:6 6; VIII is 
sexannulate (61=:5 2=a2=&5>cII=cl2); the fii-st four are 
approximately equal and twice as long as the last two; IX is 
octannulate (cl=c 2 = 1/2 &2=a 2= twice c 9=c 10<a ll=cl2). 
X (presumably) to XXIV inclusive are complete and novem-annu- 
late (cl=c 2=1/2 62=a2=tw]ce c9=c lO>€Z21=£?22<c 12). 
In these the third and fourth annuli (6 2 and a 2) are the longest, 
twice the first, second, fifth, sixth and ninth, which are equal and 
distinctly larger than the seventh and eighth, tlie only represent- 



TJIOOHUTA. 


153 


afcives of the fourth order. In the caudal region there is more 
uncertainty, but the following is indicated : XXY is quinquannu- 
late (& l=6 2<a2=6 5=5 6) or sexannulate (Oka), XXVI tri- 
annulate or biannulate, and XXVII biannnlate or uniannulate. 
The large anus is situated at XXYI/XXVII or XXVI a 2/a 3. 

Both of the specimens were taken in the central region of 
Inld Lake, in the South Shan States, Burma; one, as stated on the 
label, on a muddy bottom in 9-12 ft. of water. ^ 

Although I have followed Oka in placing this species in the 
genus Trocketa and am satisfied that, in the absence of any know- 
ledge of its internal anatomy and especially in view of the complex 
constitution of its somites, this is the best temporary disposition 
to moke of it, I am by no means convinced that it really belongs 
here. Size, form and habitat are distinctly unlike typical 
Trocheta, and remind one of the, in the present state of onr 
knowledge, distinctly Indian genus Herpobdelloidea, Also, if the 
eyes be situated actually on somites IV and V, this characteristic 
points the same way. It is possible that fuller knowledge of the 
species will determine its affinities with the latter genus, in spite 
of the much more elaborate annulation of the somites. A study 
of the structure of the pharynx and atrium would prove decisive. 
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Family HIRUDIDiE. 

By7iony'i^‘\y : 

GhnatkohdeUeaf Leucirart, 1863 (in part) 

Onathobdellidee, Claus, 1886 (in part) 

JEinidimdeBf Whitman, 1886 (and subsequent authois) 

Sti'udimdei, Blanchard, 1887 

Qnathobdelhd€B, Blanchard, 1894 (and subsequent authors) 

Hii udtnidcB^ Pemer, 1897. 

SirudidcB, Pinto, 1823 
Bxmdidce^ Moore, 1924 

General Characteristics — The jawed-leeches, ten-ejed leeches,, 
blood-suckers, etc , as the members of this family have been 
variously designated, present a more varied assemblage of forms- 
than any other family except that of the fish-leeches (Ichthyo- 
bdellidffl) m the wide sense. Asa group they are of medium to 
very large size, some of them attaining a length of fifteen or even 
eighteen inches and a width of. one inch when fully extended. 
The smallest forms are found among the highly specialized land- 
leeches (Eaemadipsines). 

Whether we consider the regulatory and growth-changes of 
individuals, or compare the individuals of a species or different 
genera and species, the variation m form far exceeds that of 
the Erpobdellidae The first results from a peculiar soft flaccid- 
ness of most ot the aquatic forms due to the highly developed 
botryoidal and parencliyinatous tissues, combined with great 
powers of extension and contraction, and the latter from a 
couBiderable range of adaptation to aquatic, amphibious, burrowing^ 
terrestnal and arboreal modes of life and to predaceous, san- 
guivorous and truly parasitic habits of feeding. The same 
individual when swimming will be slender, elongated and flattened, 
like the Erpobdellids, and when resting or subjected to drying 
will assume the short, thick, rounded form of u hen’s egg ; and in 
either extension or contraction it may be flattened or cylindrical 
according to which set of muscles may be contracted Only in 
the true land-leeches and a few of the burrowing, amphibious 
forms IS the body firm and hard from the great development of 
muscles The cephalic region, while never a permanently 
explanate disk, is, except in some of the strictly predaceous and 
burrowing genera, better developed than in the Erpobdellidfis, and 
in the sanguivorous leeches la often provided with an unsegmented! 
margin capable of expansion into a functional sucking disk, 
especially prominent while feeding. The caudal sucker, while 
constant in general form and structure, difiers greatly in size, 
being small and weak in the amphibious and predaceous forms, 
and often of a very large size in the more strictly parasitic forms.. 
The dorsal surface may be tessellated and the ventral marked 
with radial or semiradial furrows and ridges ending in marginal 
scallops. 
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Ej/es highly developed except in the burrowing and some of the 
more strictly paraeitic species. Almost witliout exception there 
are five pairs arranged in a regular arch parallel with the margin 
of the head and borne on the dorsal surface ot the sensory annuli 
of somites II to YI, inclusive Fii st pair derived from the para- 
median and the others from the intermediate series of sensiUse 
No accessory cephalic eyes and no caudal eyes are known. 
Metameric sensillsB, somewhat valuable in number, highly developed,, 
especially on the dorsum, usually conspicuous and easily distin- 
guished from the numerous and widely distributed iion-metameiic 
sense-organs, but small and obscure in the bui rowing and highly 
parasitic species. Papillas may be present either m relation tO' 
the aensillss or independent ot them, and the integument may be 
quite smooth, variously marked by folds or short furrows or more 
or less regularly tessellated. 

“ Clitellum of the same extent and position as m the Erpobdellidea,. 
but seldom so evident, usually indicated externally, if at all, b}*- a 
difierence in the colour and a slight thickening, but no obscura- 
tion of annulation ; internally by a thick layer of glands, which 
may extend m loose bundles nearly or quite to the wall of the 
stomach. Gonopores almost invaiiably separated by five annuli, 
the male on XI, and the female on XII, and u’^ually both in the 
furrow h 5/b 6 or its immediate vicinity. There is some individual 
variation, and among the genera the interval between the pores 
may vary from two and one-halt to nine annuli in the aquatic- 
leeches, and from two to thirteen in the land-leeches Very 
rarely are there modifications ot the simple structure of the 
gonopores, the most noteworthy being in the American genera 
JPhilobdella and Oarclea^ nor are copulatory glands, such as 
characteri7.e Macfi'obdella^ known in any Indian species Nephro- 
pores seventeen pairs, usually conspicuous and opening ou the 
caudal margin of VlII a 1 to XXIY h2 inclusive. 

Metamerism usually evident through the sensillce, nephropores, 
colour-markings and other external segmental characters, but 
the size of the annuli and the depth of the furrows usually remain 
very constant throughout the region of complete somites In the 
young of many species and in the adults of Myscobdella the inter- 
segmental furrows are obvioiislv deeper, and even the boundaries 
ot the primary annuli are distinguishable from the secondaiy 
annuli by their greater depth Strongly contracted -leeches also 
often have annulus 61, especially on the venter, retracted beloiv 
the level of the others by the principal muscular septum, thus 
indicating the position of the segments. In the aquatic leeches 
the qiiinquannulate composition of the complete somites is ex- 
tremely constant, though the number of such somites may \ary 
from twelve (Oka) in Myxohdella to seventeen m certain species of 
Whitmania and Eceniojpis, but is most often fifteen or sixteen. At 
the cephalic end the number of aiinuh increases very gradually 
through 1, 2, 3 and 4 for the fiist eight somites, while at the* 
caudal end the reduction is usually more abrupt, from five to two* 
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tliroagh four or five segments. In the land-leeches, on the 
^sontrary, though the number ot complete somites remains very 
constantly fifteen or eixteeu, the number ot annuli, while most 
frequently five, varies from three to seven. At both ends of the 
body the somites are much more compact and the number of 
aunuli muoh less than in the aquatic leeches The geueral tendency 
in the Hirudidffi appears to be toward simplification of the somite 
rather than its elaboiation, as m the ErpobdelJidm. Not infre- 
quently It will be noticed that most of the annuh of preserved 
specimens of aquatic leeches are divided equally by a sliallow 
transverse furrow. This may be due, not to the formation ot a 
true tertiary furrow, hut to the sinking of the integument into 
the collapsed transverse sinuses. The fcransveise folds which often 
stand up as promineut ridges across the annuli of contracted 
leeches are due to a somewhat similar artifact. 

As in the Erpobdellidse, the most frequently occurring colour- 
pattern 18 the longitudinally striped, but unlike that family the 
stripmg 18 very generally coupled with an often elaborate meta- 
meric pattern due to local intensifications, concentrations, enlarge- 
ments, suppressions, inteiruptiona or fusions ot parts ot these 
stripes, or to the addition to them of quite distmct elements As 
the colours in life are often hrilliant, these leeches are highly 
•ornate as compared with the similar patterns and plain colours of 
the worm-leeches Also, iu coiitiaat to the Et pobdelVidm, these 
patterns are most sharply defined in the young As the leeches 
g;row laiger, the patterns become broken and ill-defined and often 
much modified, until, in the largest iiidividuaJs of many species, 
they are largely suppressed and much obscured by scatteied spots 
and diffused pigment. Mottled and solid patterns also occur, but 
true transversely barred patterns are very rare in this family. The 
patterns of many species are extremely variable, owing to the 
migrations of the excretophores and the different amounts of pig- 
ment which they cairy, the first leading to changes m the depth 
and concentration of the stripes and spots, and to their union or 
separation m varied combinations, and the latter to a wide range 
■of dilution and intensification and to vanation in the general tint. 

The anatomy of both the digestive and reproductive organs 
presents a considerable variety, but the essential features have 
been sufficiently dealt with in the general account of the suborder. 
A few features only require further elaboration. The ]aws and 
teeth are of importiiuce lu generic distinotious. Typically there 
are three equally developed jaws, a doisal and a pair of ventral, in 
both the aquatic and the land-leeches. In a few of the latter the 
dorsal ]aw is absent, leaving the ventral pair only (Duognathoferse, 
Harding, 1913), which are of large size In the aquatic leeches 
thev may have a very high arched, a semi-circular, or a flat curved 
profile, and vary greatly m size from the largest in the powerful 
blood-suckers to the smallest and weakest in certain predaceous 
genera and in the parasitic genus DvnoldeUa, Also ]aws may be 
vestigial or quite absent, as occurs independently in two or perhaps 
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three genera not; closely related. Teeth vary greatly m number m 
the inonostichodout series from about thirty to one hundred and 
eighty, the exact number often bemg diJOGleult of determination, as 
the senes grades off in size very gently to the point of in- 
visibility. The fully formed ones are sharp-pointed cones, either 
straight or curved. The completely edentulous Binohdella also- 
belongs to this series. In the distichodont series the teeth are 
larger, more irregular and much fewer, from three or four to about 
thirty pairs, or they may be replaced by irregular horny plates or 
be totaQy absent. Jaws may be absent m this senes also, and m 
general they ai*e weaker and less well armed with teeth than in 
the monostichodonts. Papillce on which the salivary glands open 
aie common among the Indian mouostichodont blood-suckers. 

The ne^plindia are commonly seventeen paiis, of large size, and 
richly supplied with blood-vessels, and their funnels, which lie in 
the testiculai sinuses, have the nephrostomes occluded. 

Reproduction m the species of this family, so far as known, 
occurs by true copulation. Spermatophores are not formed, but 
the sperm is introduced into the vagina by means of the more or 
less elongated, filitorm penis. The fertilized ova are laid m a 
quantity of albuminous jelly or mucous in an ellipsoidal or 
spheroidal capsule or egg-cocoon covered with a thick outer spongy 
layer of large polygonal cells and composed of a firm horn-hke 
secretion of the clitellar glands. Those of the aquatic species are 
deposited in damp earth by the side of the water and of the land- 
leeches under stones and logs m damp places. The breedmg 
habits and cocoons of most of the Indian species are unknown, or 
at least the information is uupnblislied 

The habitats and varied inodes of life of the Hirudidm aie des- 
cribed under the two siibtamilies and particular species. The 
HirudidsB have greater economic importance than the ErpobdellidsB, 
and practically all that is included in the general account of the 
suborder on this subject relates to this family. Further detada 
will be found in the accounts of certain species. 

In the classification of the Hirudidse several subdivisions have 
been proposed, but the only one that it seems desirable to adopt 
here is that of the two subfamihes recognized by Blanchard. With 
the elimination of a few forms usually included m the Hfiemadipsinse 
these appear to he fairly well defined groups, each embracing a 
considerable number of genera. 

They are separated as follows ■ — 

A. Complete somites quin^uaunulate , 
thud and fourth pair of eyes 
separate d by an annulus (IV a 3) , 
somites XXTlV at least triarmulate 
and XXV and XXVI at least hi- 
annulate , dorsal sensillse in eight, 
and vential in six senes, nephro- 
pores a ll o pening ventrally on 

somites Vm to XS!V , no auricular [p. 168. 

appendages on anal region Subfamily Hirudinad, 



168 


HLatroiDJE 


AA. Complete somites most frequently 
quinqiianTinlate but Tarymg from 
tri- to septannulatti , tbim and 
fourth pairs of eyes ^usually on cou- 
tiguous annuli, only exceptionally 
separated by a moie or less deve- 
loped annulus, somite XXIV bi- 
annulate, aud XXV, XXVI and 
XX VH uniauuulate , dorsal sensiUse 
usually m six and vential in four 
or BIX senes, the maiginals being 
absent, first pair of nephiopoies 
usually opening laterally on buccal 
nng, the last pair maigmally on 
the venti’al face of the first auricular 
lobes ou XXXV or by a common 
median pore beneath the border of 
the caudal sucker, the remaining 
fifteen pairs marginally on the 
caudal bordei of IX 6 2 to XXIII b 2 

inclusive; buccal fnll and anal [p. 244. 

aui icular appendages usually present. Subfamily HaemadipsinaB*, 


Subfamily HIRUDIN.®. 

Synonymy 

SiriidimneSf Blanchard, 1894, 1917. 

Sv'udtmncBy Pernei, 1807 

Nataniiaj Braudes (in Lenckart), 1901. 

SvntdiniBj Pinto, 192?i. 

Type-genus, Hii'tido^ Linnseus, 1758. 

General characteristics — The structural features of this, the 
typical subfamily, require no further discussion, but brief mention 
may be made of the variety of forms and habitats. Although usually 
thought of as strictly aquatic animals, and, as a matter of fact, for 
i;he most part actually living in the water and so dependent upon 
it that they survive drying for a short time only, most of these 
leeches are more or less amphibious They belong to the marginal 
zone of still waters — to what ecologists call the littoral lemtie 
habitat. The only Indian species that appears to habitually live 
in the rapidly running waters of streams is Myocohdella annandalei. 
When living m lakes and ponds the ordinary aquatic leeches 
inhabit the Aeiy shallowest water, wheiever stones, logs, plants, 
-etc , offer concealment. Thev often collect m large numbers 
under pieces of driftwood that are partly m, partly out of the 
water, and lie resting partly exposed to the air. While many of 
them are strong swimmers, moving as do the Erphodellid©, and 
ranging into the open waters, their wanderings are hunting excur- 
sions undertaken usually only under the urge of hunger Satiated 
leeches are resting leeches. It wiU thus be seen that most 
(members of this family oie swamp animals rather than mhabitants 
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•of the larger and deeper waters. India, with its extensive flood 
plain, freshwater swamps, rice-fields and numerous small, shallow, 
weedy lakes, ponds and village tanks, furnishes ideal habitats for 
these leeches, and their abundance shows that they have profited 
by the opportunity. The transition from aquatic to amphibious 
and then to terrestrial modes of life is therefore easy, and while 
no true burrowing leeches, hke the Rcemopis^ JSemiscolea; and 
Cardea of other countries, have been found in India, it is very 
probable that they do occur 

Blanchard has divided this subfamily into the two tribes of 
Monostichodonta and Distichodonta, the first tjrpified by Exrudo^ 
with denticles in a single series, the second by EcemopiSy with two 
rows of teeth. "While these two types clearly represent divergent 
branches, they are so closely united by annectant genera that they 
•cannot be utilized as definite taxonomic groups. The disticho- 
donts are in many respects the most primitive, and in their 
predatory habits (feeding on woi*ms, insect larv® and other 
smaller invertebrates, varied by an occasional meal of blood) their 
relatively simple digestive tracts, weak and often edentulous or 
even vestigial ]aws, they stand nearest to the Erpobdelhdse. On 
the other hand, their reproductive organs are the most complex of 
the suborder. Myatohdella and WhitTnama belong here, but no 
true Easmopia is now known to occur in India. Several species 
have been reported, but all have proved to be monostichodonts, as 
indicated in the synonymies of species. The monostichodonts are 
more numerous in genera and species, and some of them very 
abundant in individuals, probably for the reason given in the 
general account on geographical distribution. Most of them have 
large, papillated jaws, and are exclusively or nearly exclusively 
sanguivorous. Just as there is an easy transition from aquatic to 
terrestnal life and between a solid carnivorous diet and a san- 
guivorous or liqmd diet, so is there from those sanguivorous 
leeches which attach to hosts only long enough to partake of a 
meal of blood to the truly parasitic leeches that inhabit the air- 
passages of their hosts for long periods. These latter have very 
fine teeth or, like the great cattle-leech (Dtnobdelht ferooc), no teeth 
at all, and are capable of piercing the delicate mucous membranes 
only. 


Key to Genera and Svhgenera of Ind/icm Eirudince. 

1 Jaws small and weak; teeth mostly in 
two irregular rows, few, blunt, irregu- 
lar, coai'se, often vestigial, or thin 
chitmoid plates, or absent. {Dxsbicho- 
dmtaj Blanchard ) Chiefly predaceous. 

1, Complete somites 12-14, mdeter- 
minate, imperfectly 6-annulate, 
with furrows of unequal depth ; 
head not attenuated , only 3-4 
pairs of teeth , stomach caecate ; 

colour-pattern spotted Myxobdhlla, p. 161 . 
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C omp lete 

XXTV), 


perfectly 6-aiimilate or 


nearly so, with fiirrows of equal 
depth j head attenuated , 16-20 
pairs of teeth or none , stomach 
saccate ; colour-pattern striped. . 

Jaws typically well developed ; teeth in a 
single graduated senes, numerous (80- 
180), acute, regular and fine, rare^ in 
part paired and rarely absent (Mono- 
stichodontaj Blanchaid) Ohiefly san- 


guivorous. 

a. Teeth absent or vestifiaL 

3. Oonmlete so mites 16 or 16 (IX- 
XaTIT. op XXIV), all but the 
last perfectly quinquannulate ; 
gastric C 80 ca highly developed, 
two pairs to each somite , both 
atrium and vagina simply tabu- 
lar and much elongated ; colour- 
pattern solid or simply striped 
(Ti'ansitional between I and 

II) 

aa. Teeth well developed. 

5. Salivary papillee on jaws entirely 
ahaent or rarely a few very small 
ones, hp without median ventral 
fissure , caudal sucher medium size. 
4 Teeth 40-100, somites as in 3, 
gastric ceeca one large, little- 
lobulated pair m each somite, 
vagina fusiform, without csscum 
bb. Salivary papillfla on jaws numerous 
and large; lip with median ventral 
fissure ; caudm sucker lar^e. 

<j, Eeproductjve organs as m SirudCf 
vagina without ceecum, colour- 
pattern simple. 

6. Teeth 30-100, complete somites 
16 (IX-XXTII); two pairs of 
large, nearly equal, lobate gas- 
tric csBca to each somite , sen- 
siUsB circular . 


cc. Vagina with large csscal pouch 
sharply diffeientiated from narrow 
duct ; colour - pattern complex , 
sensillas elongated 

6 Oviduct and vaginal duct open- 
into a short female bursa; no 

vaginal stalk 

7. Oviduct and vaginal duct opening 
ing into summit of elongated 
vaginal stalk . ... 


Whitmania, p. 168- 


DmOBDBELA, p 176- 

Hmuno, p 189. 


Ltmnatis, p 199. 

Hirttdinaria, p. 207. 
P<BOILOBDBLLA, p 226. 
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Genus MYXOBDELLA^ Oka 

Synonymy 

Myxoldella, Oka, 1917, p. 161 

Diagnosis — Size and form approximating Hcemojgis^ but caudal 
sucker much larger Tissues peculiarly soft, tumid and cedematous. 
Complete somites imperfectly qumquaunulate, with tlie furrows 
hljh^ and &5/6 6 much shallower thau the others and often 
obsolete Somite boundaries clearly indicated by deeper furrows 
or constrictions, even in the adult. Velum tumid, projecting into 
the ornl cavity as a more or less prominent, rounded papilla, in 
the centre of which is the unusually small, trifid or triangular, 
pore-like mouth. Jaws very small, distiohodont, with very few 
imperfect teeth. Stomach with gastric caeca as in Hxrudo, Eepro- 
ductive organs of the Rimulo type, except that there is a small 
vaginal caecum. This genus, therefore, is transitional between the 
Monostichodonta and the Distichodonta in the strict sense 

Type-species, M annandaJei^ Oka, 1917. 

Two species, the above, which occurs in India as well as m 
China, and M. sinane^uis. Oka, which is known only from Japan, 
and has the somites more highly elaboiated and the colour-pattern 
with several series of metameric spots 

30. Myxobdella annandalei Oka. (Plate VII, figs. 19, 20.) 

Synonymy : 

MynohdtUa annandalei Oka, 1917, pp 161-166, pi vii, figs. 1-6 
(extenor) Hong Kong, Ohina 

Myxobdella annandalei Oka, Kaburaki, 1921, pp. 716, 716 Yercaud, 
Madras (See also Appendix, p 296 ) 

Diagnosis. — Length in life about 2-4 inches. Porin robust. 
Sucker large, nearly equal to maximum width. Colour pale grey, 
more or less closely maculated with black or dusky blotches, which 
may be less developed on a 2. Somites X-XXIII inclusive, com- 
plete, with the formula (6 1=6 2)=(65 = 6 6) >a 2, in which the 
furrows hljh2 and hdjhG are constantlv shallower than b2la2 
and a 2/6 6 but greatly variable, so that XXII and XXIII may be 
interpreted ns incomplete. 

Type in Indian Museum. 

Description — Exact /orm m life unknown, but probably differmg 
little from that typical of Hcemopis. All preserved specimens are 
strongly contracted, and the softness of the connective tissues, 
combined with the powerful masculature, indicate great changes in 
shape dunnghfe Form of preserved specimens ovate or cuneate- 
ovate, very broad m the caudal one-tourth and tapered to the 
rather slender cephalic end, depressed, more or less strongly convex 
dorsally, concave or flat ventrally. Size varies from 15x7 5 mm. 
to 55 x21 mm. Oka’s examples measures 26 to 29 mm. long by 
9 mni. wide Kaburaln’s single specimen was 17 ram. long by 
4 mm. wide in the middle, thus being more slender and of more 

H 
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'Qniform width than the others. The best pieserved new example 
measures* length, 52 min.; length to male pore, 9 mm.; buccal 
■wndth, 3 5 mm. ; width at male pore, 10*5 mm. , maximum width 
(XXll), 22 mm.; depth at male pore. 4 mm., depth at XXI, 
XXII, 6 nim. ; diameter of caudal sucker, 16*5 nmi 

Oejphalic end rather slender and slightly depressed; oral sucker 
ot meclimn size (between Dinohdella and Hceniopis)^ with a very 
mobile marginal fold, dorsal to which it is deeply lobate, owing to 
the projection of the tumid ends of the first four annuli. Ventral 
surface faintly and irregularly wrinided, with the median furrow 
slightly developed or absent. Very characteristic is a small, 
rounded papilla, variable in height and prominence, projecting 
into the oral chamber from its caudal wall and bearing the notably 
small, trifid or triangular mouth at its centie and summit. This 
arises primarily from the tumid thickening of the central region 
of the velum, but its prominence may be accentuated by the for- 
ward projection of the pharynx. Dorsal surface of lip deeply and 
irregularly furrowed, the included areas often swollen. Byes, five 
pairs, borne on somites II to VI inclusive, nud aiTanged as m 
Hirvjdo and ITceinopts, small, obscure and deeply placed as in the 
latter, especially on the larger specimens, which require dearing 
to make them visible. Buccal ring funned by the coalescence of 
both aunuli of V ventrally with the addition of IV a 3 laterally, 
post-buccol of VI a 1 and a2 completely united ventrally. 

Clitellum fairl} well indicated on the larger specimens by the 
hardening of the body-walls, due to the thickened layer of glands, 
but the annulation is uu obscured and there is no obyious change 
in colour. It extends over fifteen annuli, from X a2 to XIII h2 
Tiiclusive Gronopores separated by five annuli, the male at 
XI h 5/6 6 and the female at XII 6 5/6 6 They vary m size with 
maturity, on the smallei specimens being small orifices without 
any special development of the surrounding areas On the larger 
examples the male pore is a large, rounded orifice, in which the 
smooth, rounded, perforated end of the atrium appears, but m no 
case with a protruded penis. The female pore may be a still 
longer opening with furrowed margins Xephiopores seventeen 
pairs, situated on the caudal border of 62, or its equivalent, of 
somites Till to XXIV inclusive, small and seldom all visible in a 
single specimen Anus of moderate size, intermediate between 
Hvnido and Hcemopis^ margins deeply furrowed, at base of sucker, 
behind somite XXVII. 

On all except the smallest specimen the integument is curiously 
swollen and oedematous in areas between wrmkles, and somewhat 
translucent. The only leeches that I have studied which present 
a similar condition are Placohdella pediculata, Cai dea valdiviana, 
Theromyzon (Frotoclepsis, Livanow) of several species, and to a 
slight degree Ecemop%s g-randrs. This results in a more or leas 
tessellated surface, which, together with the numerous cross- 
connections between annuli, the smoothing out of the secondary 
furrows by the stretching due to distention of the gastric ceeca, 
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■and the oharaotenstic variation in depth of the furrows, cause the 
peculiar appearance and notable variability of the species. SensiUse 
very small and on these specimens obscure and difficult to see in 
surtace views, but a sufficient number were detected to indicate 
that they have an arrangement similar to such forms as Hosmopis, 
The great number of mucous glands obscures the non-metameric 
sense-organs. 

Annulation — Somites I to IV form the upper lip, and their 
boundaries are obscured by the wrinkling and areolation. I to III 
are clearly uniannulate ; IV is larger, with a faint furrow «2/a3, 
the probably better de\elopment ot which on their specimens led 
both Olca and Kaburoki to inteipret IV as biannulate. V is more 
distinctly bianimlate (al a2)—aS, on dorsum, but uniannulate 
and coalesced with IV on venter to form the buccal ring. VI 
IS biannulate, or usually triannnUte, on the dorsum, according to 
the degree to which the furrow a 1/a 2 is developed or interpreted. 
It 18 in all cases shallower than a 2/a 3, and completely disappears 
ventrally on the post-buccal ring. In one case there is a taint 
indication of the secondary furrow h5/b 6, The furrow YI/VII is 
exceptionally deep, clearlv delimiting the oephahc region, VII is 
triannulate all around, otherwise similar to VI, but better de- 
veloped. VITI may be differently interpreted according to the 
specimen and the value given to the partially developed furrow 
b b/b 6. TJsually it is quadrannulnte (a 1 > a 2 > 6 6= 6 6) , but may 
be triannulate by the slighter development of b 5/6 6. In any case 
tlie turrow a l/a 2 is shallower than a2/b5 and deeper than 65/66, 
the result being that the four annuli appear to be grouped in two 
pairs. IX again, which Oka and Kabmaki describe as quadran- 
nulate, may be interpreted on the basis of three, four or five 
annnli, the view of the Japanese authors doubtless being the most 
reasonable and in accord with the most usual conditions In this 
condition the formula isal>a2>6 5=6 6 ; the furrow 61/6 2 is 
either faint or not ax, all visible, and 6 5/6 6, while distinct, is 
shallower than a 1/a 2. The triannulate condition is found in a 
case where 61/6 2 is obsolete and 65/6 6 maybe traced faintly 
across the venter and part of one aide of the dtirsum, but is totally 
absent from the othei side of the dorsum The qninquannulate 
condition found in one specimen differs from the following com- 
plete somites only in being slightly leas well developed X to 
XXIII, inclusive, are qmnquanuulate and complete, which agrees 
with Kaburaki’s description but not with that of Oka, who 
describes XXII and XXIIl as quadrannulate Those somites 
differ considerably in appearance, but the typical condition, which 
agrees fully with Oka’s description, is as follows : the inter- 
seginental furrows are the deepest, and often appear as con- 
strictions between the swelling somites, a condition leas obvious 
among the incomplete somites at the ends of the body This ' 
delimitation is usually most conspicuous on the venter, where the 
furrows are deeper and the first annulus (6 1), which is commonly 
smaller than the others, is retracted and often wholly or partly 
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disappears from view. Because of the greater depth of the 
primary furrows {a 1/a 2 and a 2/a 3) the annuh are arranged in 
three groups of two (6 1 and b 2), one (a 2) and two 6 and h 6), 
and because the furrow al/a 2 is shallower than a 2/a 3 there is a 
further grouping of the first three and the last two annuh. Exactly 
similar conditions are found on the dorsum of the smallest speci- 
men, but on the others the furrows are more or less smoothed out. 
In the Older of increasing depth the furrows are 61/62, 66/6 6, 
6 2/a 2 and a 2/6 5, and this is also their order of constancy, 
a 2/6 6 being the deepest and most constant. The first terow 
(61/62) 18 not only shallow but m neaily every case is parbially 
or sometimes even wholly obliterated, and also lies nearer to the 
anterior than the posterior border of the primary annulus, so that 
6 1 is commonly much smaller than 6 2 ; 6 6/6 6 undergoes similar 
but less obvious and complete reduction, and occasionally even 
a 1/a 2 is similarly afiected. XXTV is triannulate (al>a2=a3), 
the secondary tnrrows being very faint or entirely wanting, or in 
one case qnadranmilate (61=62<a2 shgbtly <a3) on the right 
side and tnannnlate on the left. XXY is triannulate (a 1 slightly 
>a2=:a3) without trace of secondary furrows. XXYI and 
XXYII are each biannulate, with the first annulus larger and 
XXYII more reduced. 

Oka has correctly emphasized the importance of this genus as 
throwing light upon the external morphology of leeches. It 
especially serves to verify lecent theoietical conclusions concerning 
the dehnntation of somites, the serial homology of annuli, and the 
order ot origin and development and of reduction and suppression 
of annuli. Oka lays great emphasis upon the exact enumeration 
of annuh that he worked out from his material. Without wishing 
to detract in any way from the importance of tlie general con- 
siderations that he raises, I must point out that the very fact of 
the easy gradation of the development of annuli and furrows from 
somite to somite shows the impossibility of absolute determination 
of the number of annuh in each somite. The personal equation 
is a factor of large importance. In this enumeration Oka, 
Kabnraki and I disagree as to the constitution of certain somites. 
Oka’s material was more abundant than mine, and doubtless it was 
better preseived. Apparently also it was moie uniform, as no 
mention of variations was made. The four specimens examined 
by me present considerable variation, as indicated above, but they 
agree with one another and with Kaburaki’s specimen, and differ 
from Oka’s in the greater completeness of somites XXII and 
XXIII. 

A fact of some interest is that in general the somites are more 
elaborated and the annuli more sharply defined in the smallest 
specimens Among the anterior incomplete somites, begmning 
with Y, and at the caudal end, especially on XXIY, the inter- 
pretation of the annulation places each one step in development 
beyond the corresponding somite of the larger individuals. This 
IS just the opposite of the usual conditions Yery generally 
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young leeches exhibit a primitive inequality m depth of the 
furrows defining the somite limits and the primary annuli. 
Elaboration of the auimli and obscuration ot the somite limits 
progresses with growth. Apparently the difference iii this 
lespect IS due in at least part to the mechanical conditions 
resulting fiom the fact that the stomach is nearly or quite empty 
m the small specimen, whereas in the larger ones the cieca are 
much distended. This, together with the longitudinal con- 
traction, results in a stretching of ttie integument and smoothing 
out of the furrows It is noticeable that tins proceeds farthest 
on the dorsal surface of the middle region, where the caaca aie 
best developed, and that the mid-ventral field, which is protected 
from the pressure ot the casca, is least affected This vould 
indicate that the more elaborate development exhibited by the 
small specimen may be the normal of the species However, it is 
more difficult to apply this aigurneiit to the incomplete somites, 
most ot which he outside ot the sphere ot influence ot the 
gastric cmca 

Colour , — Light grey or ashy, paler below , maculated all over, 
but most thickly m the raid-dorsal field, with irregular blotches, 
often with slender branched processes, of varying size and 
appearing as black, brown or grey according to their depth below 
the surface , venter somewhat more sparsely spotted than 
dorsum Different specimens differ in the size and the degree 
to which the spots become confluent. One of Oka’s specimens is 
desciibed as being thickly dotted with a darker shade and others 
as ashy-grey and unspotted, probably faded There are indica- 
tions that the neural annulus is less pigmented than the others 
and stands out as a paler transverse band. This is quite evident 
on one specimen from Suhil. 

Alimentary canal combinSs chaiacters of Hirudo and JJcBmopis 
Jaws very small and v'eak Teeth very few (three or four in 
each row,) large, blunt, irregular plates, in two rows Pharynx a 
very small, muscular bulb in VI and partly in VII, followed by 
a distinct, narrow tubulai oesophagus extending through Yll, 
VIII and IX. Stomach csecate, X, XI and XI [, each with a 
single pan of long, slender, straight and simple csaca, leachmg 
nearly to the sides ot the body , XIII to XVIII have two pairs 
each, the anterior large, straight, latei’ally extended and faintly 
lobed, the second pair very small and between the bases of the 
larger A large pair aiiaes in XIX, and extends by the aides of 
the intestine to XXV. In another specimen the clitellar csBca 
are much smaller and the second pair in poat-clitellar somites are 
reduced to obsolescence. 

Repioduct%ve organs (fig. 46). — Puuctional testes eight on the 
left, nine on the right side, lu the caudal pait of the segments 
(but reaching into the following segments) from XVI (XV on 
one side) to XXIII, inclusive All of these aie fairly large and 
globoid, the sacs, especially of the first three or four, with much 
brown pigment like the abundant botryoidal tissue. Anterior 
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to these and in the same serial position with them and with the 
Ovisacs, in somites XIII to XY, that is, three on the left and 
two on the ripht side, are small, deep-brown sacs compressed to 
the body-floor These appear to correspond with the anterior 



!Fig --'MyoichdeUa anjiandalei Pnitial dissection of repi ocliictive organs, 
from dorsum Right epididymis cut away and left epididymis and 
ovisacs displaced to sliow atiium x5 cod ^ common oviduct, enclosed 
in nlhumm gland, de, ductus eiaculatonua , cjd , epididymis, q XI- 
XYI, ganglia ns nurnbei ed , ^ a , iilbuniin gland , o , ovisac , o normal 
position of right ovisac , od , oviduct , p , pigmented aiea on testes , pi , 
pigmented aieas in absence of testiculai sacs, joa., penis-sao , pr ^ 
prostate , t 1,^2, testicular sacs , p 8 , penis-sac , jtw , prostate, t 1,^2, 
testiculai sacs ^ vad , vaginal duct , a , vaginal sac , v d,^ vas deferens , 
10 a and 10^, right elevation of vagina and atrium respectively 
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ventral position oE the testicular sacs, which at the point ot exit 
of the vasa efPeientia are similaily heavily pigmented. Oka 
records eight pairs ot testes iii his types \’^asa effeieutia and 
vasa deterentia have the usual structuie and position, the lattei, 
as tar forward as ganglion XVI, with an especially thick 
glandular covering. The slender, gland-free anterior part reaches 
to ganglion XI, where it arches inediad to join the cephalic end 
ot the epididymis, this arched region being slightly enlarged to 
tor in a small, fusiform, so tt- walled sperm- vesicle Epididymis 
massive, much exceeding the atrium, lying at the side and 
anterior to it, and the right one largely covering it in this 
specimen. It consists ot two distinct parts, an anteiior smallei 
lobe constituted ot a dner and moie shaiply tolded dnct, and the 
main body consisting ot much larger tolds ot a much coarser 
duct. Erom the posteiior ventral ends of the epididymes the 
delicate ducti ejaculatoni, whicli lack any enlaiged bulb, arise 
and entei the prostate close to its lateio-distal angles Boih aie 
relatively short, soinewhat leas than the total length ot the 
atiiLim, and the lett passes beneath tlie iierve-tord Atiium 
broadly pvnform, the length slightly exceeding twice the basal 
width Peins-siic about three-fourths ot total length of atnum, 
tapering toward outlet, the maximum diameter about one-third 
length. Prostate region very broad, flattened and angulated 
piobably by pressure, covered by an unusually thick and ext eoaive 
glandular layer 

Ovisacs relatively large, about equalling one-half of the size ot 
the functional testes, each with a distinct, slightly proiecting 
tubular lobe, from the end of winch the oviduct arises. Paired 
oviducts about as long as diameter of ovisacs, the right one 
passing beneath nerve-cord The two unite without a distinctly 
enlarged albumin gland into a wide, folded, common oviduct, 
which lies on the dorsal face ot the vagin.i and opens into it a 
short distance below the blind end, leaving a small projecting 
cfiBcum. Vaginal sac two-thirds as wide as long, broadly cuiwed, 
fusiform, with a short terminal ctecal lobe, not sharply differ- 
entiated from the tubular duct, which is about as long as the sac 
and tapers regularly to the gonopore One ot Oka’s cotvpes as 
dissected sufficiently to determine the agreement of the anterior 
part oF the digestive tract and the terminal reproductne oiijans 
with the above accoimfc based upon the larger specimen 
(No. 3657) from the Eawna Hills. 

Concerning the identification of the Indian specimens as 
M, aanandalei, it should be pointed out that m certain feutiiies of 
annulation they approach Oka’s description of M sinanensis 
more closely than the former. This considered to be due to 
varying condition of the specimens and to differences in inter- 
pretation, but it inav be that we really have to deal with distinct 
species or subspecies which more abundant material should 
determine. As Oka has given no account of the anatomy of 
M, stnanensis, com pans on a must be limited to external features. 
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Originally described by Oka from a small stream at an 
elevation of about 1000 ft. near Hong Kong, this species was 
subsetiuently reported fiom a hill-stiearn at Tercaud, Madras, by 
Kaburaki, the latter specimen belonging to the Indian Museum. 
I can now add the record ot tour additional specimens belongmg 
to the Indian Museum : ‘‘ ZEY 3667 Erom under surface of 
stones in a small jungle stream, 2500 ft. Hawna Hills, near 
Kawkaruk, Amherst District, Tenasserim, Lower Burma Dr N 
Annandole, March 13, 1908 ” Two specimens, one dissected : 
“ ZEY 4951, Suhil, East side of Dawna Hills, 2100 ft. F. H. 
G-raveley, November 29, 1911, Under stones in stieams.’* 

The bpecies appears, therefore, to inhabit lull-streams at 
slight elevations It hides beneath stones, to the under surface 
ot which lb clings. According to Annandale the body m life is 
exceptionally soft, and it produces enormous quantities of 
mucous, which is in harmony with the appearance of the 
specimens studied by me The large size of the caudal sucker, 
the unusual size of the pedicellar muscles attached to it, the great 
contractility and the unusual mucous function would adapt it to 
life m switt-runmug stony streams. From an examination of 
the stomach-contents Oka thought that the Hong Kong 
specimens had fed on the juices ot invertebrates. Those trom 
the Dawna Hills have the ceeca filled witli blood, which in the 
one studied for this purpose contained nucleated cells but no 
lion-nucleated blood-disks All that can be stated is that it is 
not mainmaliau blood. 


Genus WHITMANIA, Blanchard. 

Synonymy : 

Mic) ostoma, Whitman, 1884, p 84 Not Mtci ostofna, Cuvier, 1817 
(Pisces). 

Leptostoma^ Whitman, 1886, p S82 Not Leptostoma, Swoinson, 
1837 (Aves) 

Whitmania, Blanchard, 1887, p. 156 

Wkit7nama, Oka, 1926, pp 321, 322 (figures of annulation), Japan. 

Diagnosis. — Size large. Eobust body and slender, attenuated 
cephalic region very characteristic Sucker of medium size. 
Eves, sensillffi, gonopoies and nephropores as in Hcmiopu 
Complete somites of five equal annuli, seventeen m number, 
YIII to XXIY, inclusive Colour-pattern longitudinally stuped. 
Jaws small, with imperfect tooth-plates m two senes, or none 
Digestive tract of Ecemop^s type. Eeproductive organs inter- 
mediate between Ei7'udo and H(mnopis types, nearer to the latter, 
hut the atrium and vagina much less elongated 

Type-species, Microstoma piyrii,m Whitman, 1884 (first sp^ciea), 
Japan ( = Zteyw, Baird, 1869.) 

Of the four species leterred to this genus by Blanchard (1896), 
W Icevis (Baird) [=11^ pigra (Whitman)] and W. edentula 
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(Wliitiuan) properly belong here , W. acranulata (Whitman) m a 
true Hcemop%& and W ferox Blanchard is now made the type ol: 
a uew genus, Btnobdella, 

31 Wbitmania Isevis (Baird), Blanchard. (Plate YI, fig. 18; 
VII» figs. 21, 22.) 

Synomymy 

Hirudo Baird, 1869, p 316 China. 

Mm oBtoma yxgrmn Whitman, 1884, p 84. Japan. 

Leytostoma pigjum Y^hitman, 1886, pp 382-886, pis iviu, 
fags 21-27 (extenoi), xx, fags 64, 66 (annulatiou), xxi, figs 61, 
62 (jaws), 67 ( 2 or^us) Japan 

Whitmmim ingt E. Blanchard, 1887, p 165 

WhitirMuia leevis (Band), E Blanchard, 1896, pp. 326-328, fig. 6 
(annulation) China 

Wkitmanm leevis, Plotuikoff, 1906, p 146 China. 

Whitmania Oka, 1910, p 180, Japan Var. fonnosuna^ 

p 181, Foimosa 

Whitmania Icevis, Schegoleff, 1916, p. 261 Amui legion 

Whitmania lavis (Baud), Oka, 1917, pp 160, 176. (3liiua. 

Whitmania Icavis, Kabul aki, 1921, pp 710, 711 Monipui', India. 

miitmama Iccvibj Moore, 1924, pp. 280-281. Ohma, S. Shan 
States, India. 

Diag)ios%s — Length when matuie 4-6 inches. Tliick-bodied 
for most of length, contracting sharply with the abruptly-tapered 
anteiior end and small head. Sucker of medium size Colour m 
life olive-brown on dorsum, with five dark stupes, including pale 
yellow spots , venter paler, with a reddisli or yellowish tinge 
streaked and spotted with black. Annuli YIl a 3 and YIII a I 
fully divided into secondary annuli. Somite XXIY with h 6 and 
h 6 fully distinct and litile smaller than the othei annuli. Jaws 
bearing two series of thin chitmoid plates in place ot true teeth. 
Distinguished from all known Indian Hirudidse except 
jDinobdella ferox by the slender anterior end, and from that 
species bv the smaller sucker and nearly umfoim width, and the 
colour. Type in British Museum. 

Description — A laige, robust, and flesliy-bodied leech of nearly 
uniform width for most ot the length, but tlie first seven or eight 
somites abruptly attenuated (less so than in W, edentula), A 
large specimen swimming measures 165 by 20 mm. and fully 
extended 210 mm long (Whitman). The largest example in the 
Indian Museum collection measures 143 mm. in length, 28 ram. to 
male gonopore ; width of buccal ring, 2*6 mm. ; width at male 
pore, 14*5 mm.; maximum width (middle of length) 17 mm.; 
depth at male pore, about 4 mm.; at middle, about 6 mm., 
diameter of caudal sucker, 8 3 mm. 

Cephalic region small and slender, relatively narrower than in 
D. feiox^ the buccal width aveiagiug one-fourth of the caudal 
sucker diameter, which does not exceed one-half the maximum 
body- width The cephalic sucker is, therefore, very small and 
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-weak, without expanded inaigin, and its caudal and buccal inn 
formed bv somite V Lip prolonged, its \eiirral tace smooth, 
with no trace ot median fissure. Eves live jiiiirs, small but con- 
spicuous, those of the first pair largest, arranged as usual on 
somites 11 to YI inclusive, the first three pairs on contiguous 
annuli, the third and fourth separated by one and the tourth and 
fifth by two annuli; but owing to the narrowness of the head 
the}'' form less of an aich, .iiid appear to be in two paiallel lines 
and more widely apart serially than in broad-headed species. 

Ohtelhtm seldom apparent externally, but when well developed 
forming a thick internal glandular layei embracing fifteen annuli, 
X & 5 to XIII a2 inclusive G-onopores sepaiated bv five or 
nearly five aiiiuili, the male orifice being in the furrow XI b ^jb 6 
or within the borders of 6 6, someritnes as tar as its middle, the 
female poie similarly placed on somite XII. Indian specimens 
usually present the latter, Japanese specimens the former (inter- 
tinniilar) condition. One example lias a filiform penis protruded 
to a length of 7 I mm. with a diametei of 0 2 mm at the base, 
from which it tapers to a truncate tip Both gonopores are 
small, rounded or slightly slit-like orifices, fiush with the surface 
and with sligiitly furrowed margins. 

Nepliropoi es seventeen pairs, m the u^nal position on the caudal 
margin of VIII 6 2 to XXIY b 2 inclusive, or in the furrow 
6 2/a 2, constantly small but conspicuous. Caudal suckei rather 
small and weak, under ordinary conditions usual Iv less than one- 
half the maximum body-width, about as in typical Hasmopis^ and 
eapecmlly small ns coinpaied with Dinohchlla fe) ox. The pedicel 
is bioad, the disk usually shallow w'lth the margin thick and 
smooth 

Integuments perfectly smooth, without wrinkles or papillae 
Scnaillffi small and unelevated, in six senes dorsally and six 
ventrally, the marginals being absent or invisible , tlie interspace 
A=1/2B, B = 0; on the venter H = 1 1/2 G, G= 1 1/4 F. On 
some individuals they stand out conspicuously as small, nearly 
white spots ; on others they are obscuie Four to six in each 
series on the sucker. 

Annulation . — Annuli flat and regular throughout, with cleaily 
defined furrows of constantly equal depth. Somites I, II and III 
unianiuilate, the last a mther long but apparently quite undivided 
ring, bearing the full set ot dorsal sensillBB, the intermediates 
being the second pair of eves. IV biannulate, the fiist annulus 
(al, a 2) being longer, and bearing the third pair of e\es; a 3 
passes into the caudal nm of the sucker to unite with Y in the 
buccal ring. Y biannulate, with the first annulus (a 1, a 2) much 
larger than a 3, and showing a slight dorsal development ot the 
farrow a 1/a 2, which practically disappears on the venter. YI 
triaunulate (a l=a2<a 3), the furrow a 2/a 3 strongly developed 
on the dorsum, but fading out at the margins and disappearing on 
the venter. Yll quadrannulate (a 1 much >a 2 much >6 6=6 6) 
on dorsum, with 61/6 2 often faintly indicated; al slightly 
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>fl2 = &5=Z>6 on venter \MtLi the turrow 61//) 2 constuntly 
obsolete. VIU to XXIV inclusive quinquauniilate, VIII haMDg 
the toirmila 6 1 = 62 < a 2=6 5=6 6, IX to XI with the annuli 
slightly but regularly increasing in size ; from XII to XXIII, 
inclusive, all are approximately equal XXIV has the tormula 
6l = 62=a2>66=66,65 and 6 6 each usually about two-thirds 
the size of the others and the turrow separating them shallower. 
XXV quadi annulate (6 1 = 6 2 = or < a 2 much < a 3), the f un*ow 
6 5/6 6 being paitially developed, especially near the margins of 
the dorsum of some specimens. XXVI usually bianmilate, the 
longer antenor ring m some oases showing traces of « 1/a 2 as, 
for example, figured by Blanchard , in other eases a 2/fl 3 becomes 
reduced, leaving the somite nearly uniannulate. XXVII is 
bi annulate or uniannulate 

Coloui in life hrownish-olive to olive-yellow with five dark 
brown nr blackish lines, a median, and a pan each m the outer 
paiainedian and intermediate fields The median stripe is usually 
darkei unci more uniformly continuous than the others, vhich 
may be more or less broken and spotty Piequently theie is a 
bioail, inediini dusky band about one-third ot the total body- 
widtli and bordered by a somewhat darker third pair of brown 
stripes at the inner paramedian lei el, and occasionally theie is a 
faint, narrow, supiamargmal stripe or row of spots. Typically 
each of the five normal stripes, and, mure rarely, ofc the supple- 
mentary paramedian stupes, bears a senes of pale yellowish oval 
or quadiangular spots which vary greatly m degree of de- 
velopment. The largest and most constant spots are disposed 
metamerically on annuli 6 1 and 6 5. Occasionally similar, but 
usually smaller, spots fill the intervals on 6 6 or, more rarely, on 
6 2 and a 3. This condition is most frequent toward the anterior 
end of the body, where normally on the incomplete somites the 
spots become coalesoent and form a yellow line. This occurs 
rarely and to a less degree on the immediate stripe also. Other 
variations aie the occurrence of yellow spots along the obscure 
inner paramedian hue, or their total absence from the median 
stripe ot the middle somites, at least The cnudal sucker shows 
traces of the same pattern Tlie ventral surface is a pale bio\Mi, 
ohve-brown or dull orange, with dusky aubmargmal stripes and 
numerous black or dusky spots, becoming more oi less confluent 
as longitudinal streaks or even continuous stripes, mo«»t con- 
spicuous in the paramedian and aubmarginal lines Small flecks 
or spots ot brown and black may be scattered on both surfaces 
Margins clear yellow or orange bounded by supramarginal and 
submargmal diiskv stripes. The sensillse, nephropores and gono- 
pores appear as paler spots, and the eyes stand out conspicuously 
black on a pale background (Whitman, from Japanese examples) 
The material in the Indian Museum collection is insufficient to 
determine how fully the species, as occurring in India, conforms 
to the above colour description. Two well-preserved specimens 
from Manipur liave the colour-pattern based on the typical plan 



172 


HIRUDIDiE. 


but differing in the following respects . — The dorsal ground- 
colour IS dusky olive-grey. All seven dark stripes, the median 
and the outer paramedian, mtei mediate and supra-inargmal pairs, 
are clearly disceruible, but the yellow spots are so well developed 
on all except tlie outer or supra-marginals that they dominate the 
stripes, which appear as drab lines narrowly margined with black 
or dark brown On most somites the spots occur on every 
annulus, but are smaller and more obscured by black on the 
sensory animli (a 2), giving the impression that the stripes are 
uairowed or even interrupted on this annulus. A similar but less 
obvious and less frequent reduction of the spots may occur on 
annulus 62, but on the first (6 I 3 , fourth (6 5), and fifth (6 6) annuli 
of each somite the spots are constantly present and of conspicuous 
size, and under the lens are seen to be boidered with black. 
Supramarginal stripes lack these pale spots, and may be either 
solid black or dark brown, or made up of closely confluent eiuull 
dark spots. The broad, median, diiskv field is also very apparent 
on these specimens. A feature that does not appear on the 
Japanese examples, but is very conspicuous on these, is the white 
spotting of the areas induduig the dorsal eensillsB and the con- 
nexion ot those of the intermediate and supramarginal senes by 
narrow, pale, longitudinal hues, whicb, therefore, alteinate with 
tlie set of stripes first descnbecl. Inasmuch as they are best 
developed on the sensory annuli, they alternate longitudinally also 
with the yellow spots, which are least developed on the sensory 
annuli. Furthermore, the sensillar inai kings appear to be due, 
not to yellow pigment, but to the total absence ot pigment The 
margmal yellow stripe is narrow, clearly defined, and pale 01 
unpigmeuted spots occur on it in the position of the marginal 
sensiike Ventral surface dull orange, rather thickly speckled 
with irregular black spots, chiefly aggregated and more or less 
confluent as two pans of bi’oad paramediau and submarginal 
stripes. 

A faded sjieciinen from the He Ho Plaiu is uniformly dull grey 
without markings doraolly, pale yellowish grey ventrally, with a 
few scattered dusky spots and a pair of dusky or black sub- 
marginal stripes bounding the clearly-defined marginal yellow 
stripes Baird’s type agiees closely with this 

Alimentary Oanal of Hcef^nopis type (PI VI, fig. 18) — Jaws 
small, low, scarcely differentiated from the pharyngeal ridges 
winch they teimmate No true denticles, but two senes of 
fifteen to tw^enty thin, iriegular, partly confluent, partly detached, 
brownish chitnioid plates, much reduced iii size at the ends and 
enclosing between them numerous minute, detached pieces of the 
same substance. Of the Indian Museum material only the 
IS. Shcin specimen has the jaws intact, and on this the dentinal 
plates are very thm and neai'ly colourless. Pharynx rather long 
and slender, reaching from somite VII to IX, thin-walled and 
weak, with six internal longitudinal folds or ridges, of which 
three, the dorso-median and paired ventro-lateral, are larger than 
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the alternating ventro-median and dors o -lateral, and terminate 
in the jaws. Stomach a slender, straight, thin-walled tube 
reaching from somite IX to somite XIX, where it terminates in 
a pair of simple, slightly sacculated, tubular caeca reaching to 
X!^I only , caudad of the origin o£ these in XIX is a pair of 
short, wide pouches. The post-genital portion of the stomach is 
regularly slightly constricted interseginen tally, and in somites 
XIV to'XVin forms a series of small simply-expanded chambers 
without definite caeca. There is no clear distinction between 
oesophagus and stomach, the whole being lined with numerous 
fine vermicular longitudinal folds. Intestine very thin-walled 
and dihtated anteriorly, provided m XX, XX I and XXII with 
two pairs of short, broad pouches, those of XXI being largest and 
completely covering the gastric caeca. E-emaiiider of intestine 
tapering, with slight, irregular sacculations 



B’jg 47 — Whiimama lavis Partial view of disaeoted repioduotiie organs 
from the dorsum. X cf and $ , respectivelv, indicate position of 
male and female genopores, ebj ejaculatory bulb, other lettering as 
in fig 46 


jReproducttve Organs (fig* 47) also resemble the Hcenxopis type, 
hut the germinal organs are much less elongated and m other 
respects they approach Hxrudo, The male atrium is slender and 
suhpynPorm, the penis-sac opening just caudad of the ganglion 
XI, subcyhndiicol and at its summit passing abruptly into the 
forwardly-reflected, short, bulbous pi estate, which with its thick 
glandular covering reaches nearly halfway down the cephalo- 
dorsal face of the pems-sac. From the tapered end of the 
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prost^ite gland the long slender ejaculatory ducts run cephalad 
on. the face of the pems-sac to ganglion XI, the left passing 
beneath tiie nerve-cord (right lu 'Whitman’s dissection) Here it 
bends sharply into the cephalic end of the well-developed, 
glistening, straight, fusiform ejaculatory bulb, which lies parallel 
to the nerve-cord and reaches to XI/XII, passing at this point 
abruptly into the epididymis. Epididymis extensively developed, 
consisting of a soft pale yellow, intricately convoluted tube of 
varying diameter arranged in t\^o closely approximated limbs 
sharply folded on each other, tlie sliorter limb about equalling 
the ejaculatory bulb m length and continuing in the same direction 
to ganglion XII, the longer limb lying on the ventral face 
of the shorter and of the ejaculatory bulb nearly to the cephalic 
end of the latter, where its tube again bends sharply caudad into 
the vas deferens. Vas deferens m the usual position on the 
longitudinal muscles of the body-floor, reaching to somite XXIII, 
verv slender and smooth to the caudal end of XII, fiom which 
point it becomes more conspicuous, irregular and roughened, 
owmg to the covering of umcellular glands. Testes ten pairs, 
interaegmeutally in XTTT to XXII inclusive, chiefly m 1)6 and 
h 6, but extending into 5 1 of following somite, the first six and 
the last exposed by side of stomach and intestine, the seventh 
to ninth concealed by the ceaca, elongate, ellipsoidal, lobed by 
moulding to muscles and other organs. 

Female genitalia 47) exactly as figured by Whitman, con- 
sisting of a short, narrow, vaginal duct opening behind ganglion 
XII, and a large ovate or ellipsoidal vaginal pouch i each in g 
neaily through or beyond (Whitman) somite XIII. The stout 
coniinon oviduct enters the extreme summit of the vaginal pouch 
and occupies a groove in, or is closely adnate and adheient to, its 
cephalic or dorsal surface for its entire length, the distal part 
being extensively embedded in a loose mass of albumin glands 
compressed to a thin layer adherent to the vagina Paired 
oviducts veiv short, the left passing beneath the nerve-cord. 
Ovisacs smooth, translucent, vesicles on each side of nerve-cord at 
Xll/Xm. (Based on one dissection.) 

Geogi apJiical Distribution and Bionomics — The actually recorded 
distribution of this species is limited to Japan (Whitman, 1886, 
Oka, 1910, 1917) ; Eormosa (Oka, 1910 var. foimiosana ) , 
China (Baird, 1869, Blanchaid, 1896, PJotnikoff, 1905, Oka, 
1917, Moore, 1924) ; Amui region (Schegoleff, 1916) , India 
(Blauchard, 1896, Kaboi’aki, 1921, Moore, 1924) Xaburaki adds 
the Philippines and seveial of the East Indian Islands, but gives 
no authoiities. Only three examples ©ccm m the Indian Museum 
collection, two from Manipur (Thanga Island and Pagla Nadi), 
and one from the South Shan States (Ingauny, He Ho Plain). 
It seems probable, however, that these Burman locahties do not 
indicate the extent of the distribution of this species in India. 
In China it has been reported from several coastal localities as 
far noith as the Amur Eiver (60° N Lat.). 
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In both China and Japan this species is repotted to occur in 
ponds, ditches and rice-fields, and bj different observers to be 
fairly abundant, uncommon or rare. The Indian examples were 
taken in streams Nothing relating to its habits is recorded 
except the following note by ’Whitman : “ Very sluggish ; not 
easily induced to swim, though swimming well when forced. 
Food unknown ; probably carnivorous.” It thus resembles 
Hmnopia. 


DINOBDELLA, new genus. 

Synonymy . 

Whitmamay Blanchard, 1896, p 322 (m part). 

Whitmanva, Moore, 1924, p 377 (in part). 

Diagnoses , — Size and form variable. Colour nearly solid, 
without definite ]mttern. Complete somites fifteen or sixteen, 
XXIY being either quadi annulate or quinquannulate Eyes 
small, noiinal in arrangement, but often obscure, Gonopores at 
XI h 5/b 6 and XII ho/b 6. Jaws small, smooth and edentulous. 
Gastric caeca well developed, two pairs m each somite. Both 
atiiuni and vagina much elongated; vaginal sac little enlarged 
and little differentiated from either the vaginal duct or the 
common oviduct- 

Type-speciea, WTiittnania ferox, Blanchard, 1896. 

Besides this tvpe, a second Indian species (Z). oiotata) is very 
distinct, as indicated below — 

A. Diainetei of caudal sucker often equalling or 
exceeding width of body , maximum width 
of body near caudal end, aensillse and often 
eyes indiscernible , annulus VIII a 1 with a 
small cephalo-ventral partial annulus or lime 
cut off, principal gaatiic ceeca long and bent 
caudad into succeeding somite, oveilapping 
in successive somites , no diatmctly enlarged 
ejaculatory bulb . . .... 

A A. Diameter of caudal sucker much less than 
(about one-half in types) maximum width of 
body, which is near middle , eyes and espe- 
cially senaillea veiy conspicuous , anniilus 
VIII al undivided ventially, principal 
jraatric casca of each somite straight, confined 
to «5omite of origin, and not overlapping , 
ejaculatory bulb large . . .... 


[p 175. 
Di7iobdella feroXy 


[p 186 

Dmobdella notata, 


32 Dmobdella ferox (Blanchard). (Plate IV, fig. 4; VII, figs. 23, 
24 ) 

Synonymy 

Tioclieta subvmdiSy 1866, pp, 669-662 (Moluccas), not Tro- 

cheta suhmi^idis Dutrochet, 1817 

Whitmaiiiafet'ov Blanchard, 1896, pp. 822-326 (supposed Asiatic). 
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Heswpu htimamoa, Kaburaii, 192 L (in part).pp 712, 713, India 
(Darjeeling Diet , East Himalayas and Lahore) and Siam 
Jiniimiam), uot Hcemopia bmnanica Blauchard 1894 
rnztmmiaferov Blanchaid, Moore^ 1924, pp 877-380, pi xx, figs. 
Dorjeeliug)^^^^^^ reproductive oigaus) India (Mungpoo, 


Diasmoais.— Size very large, up to 8-10 incliea or more in life, 
elongated, \Pith greatest width far back, and anterior end slender. 
Colour 111 life dark green, entirely without markings Head 
small, caudal sucker very large, otteu equalling or exceeding- 
maximum width of body. Qonopores at XI 6 5/6 6 and XII 
^6 6, rarely withiu 6 6. Eyes five pairs, arranged ns in 
Whitmania etc , but small, deeply placed and usually obscure. 
Somite VIH quadrannulate, with a small, usually lunate, portion 
cut of the anterior margin of a 1 on the venter. Complete 
somites sixteen (IX—XXIV), the last sometimes quadrannulate. 
Jaws small, smooth and completely lacking teeth and papillm 
Gastric omca extensively developed, long and slender. Organs of 
reproduction very small m parasitic, and mature only in free- 
living individuals. Atrium stiongly clavate, the prostate massive,, 
ejaculatory duct lacking enlarged bulb. Vagina very long and 
slender, albumin gland on entire length of common oviduct. 

Parasitic in air-passages of domestic and probably of wild 
mammals ; also free-hving in water 

Type m British Museum. 

DesGnption, — Size very large, probably the longest of Indian 
leeches, and when extended in life possibly exceeding a foot 
Many strongly contracted museum specimens are upwards of six 
inches long. Complete measurements of a well-preserved example 
are: length, 158 ram., length to male pore, 21 mm.; buccal 
width, 4 2mra. ; width at male pore, 13 mm ; maximum width 
(XXII-XXIV), 22 mm ; depth at buccal ring, 2*3 mm ; depth 
at male pore, 4 5 mm.; depth at XXIY, 7 inin. , diameter of 
caudal sucker, 22*5 mm These proportions are typical An ex- 
cessively contiacted specimen with an enormous sucker measures 
length, 92 mm. , to male pore, 15’3 mm.; buccal width, 4 5 mm. ; 
width at male pore, 14 min. ; maximum width (at XXIV), 
20 mm , and sucker diameter, 21 8 mm 

Form slender and graceful, much resembling the American 
Heemopis lateralis (PI. VI, fig 24), but with the inaxumnn width 
characteristically far bsick, immediately anterior to the sucker, 
from which it tapers gradually and regularly to the head. In 
this form and the large caudal sucker parasitic individuals differ 
strikingly from any other Indian leech. Free-living individuals 
not distended with blood, however, usually have a more uniform 
width, with the maximum further forward, the caudal sucker 
relatively smaller and the head lelatively larger. In parasitic 
individuals the latio of sucker diameter to buccal diameter is 
4 '5-5 to 1 , in the free-hving ones 3-4 to 1. Usually strongly 
depressed with the dorsum slightly arched, the venter flat or even 
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slightly concave and the margins rather sliarp and serrated. 
One lot, however, killed m chromic acid, la well-extended and 
nearly cylindrical. 

Head-i egion in parasitic individuals small and rather narrow, 
the width at the buccal ring being one-fourth or even oiie-fifth of 
the diameter of the caudal sucker. Upper lip narrow but not 
much elongated as in Whitmama Icevis, formed of the first three 
somites, which are very slightly or not at all separated by furrows, 
and the first annulus of IV which is distinct. Dorsal surface 
much and iriegularly wrinkled, the free margin furrowed and 
crenulate, ventral surface usually quite smooth and either 
nnfurrowed or with a median furrow posteiiorly which fades out 
in the anterior half. Buccal ring slightly thickened and furrowed, 
constituted of the nearlv completely coalesced annuh of somite V, 
together with the second annulus of lY. Eyes very obscure andl 
possibly actually absent from some of the larger parasitie 
examples. Usually they cannot be discovered at all in ordinary 
surface views. In other cases, only the first two of thiee pairs- 
caii be seen in surface views or after clearing in glycerine or 
dissecting away the integument. On one particularly favourabla 
example all five pairs are visible m surface views, arranged in 
the usual arch on somites II to VI. All are very small and 
deeply sunken, the filfth pair being particularly minute and faint, 
QUtellum apparently absent or at least not developed as a 
distinct glandular layei In every specimen studied, even the 
largest, and those with mature genitalia, annuli of the clitellar 
region have exactly the same appearance as the others. Gono- 
pores typically in terannular, the male in the furrow XI &5/6 6, 
the female XII 6 5/6 6, but the male pore, and less often the 
female, may be slightly within the borders of 6 6 Both pores 
may be very small and hidden in the furrows. When best 
developed the male is a rather conspicuous transverse onfic© 
elevated on a papillae supported equally on 6 5 and 6 6 or chiefly 
on the latter, and which may be low and flat or an elevated, 
fluted cone ending in five or six minute lobes surrounding the- 
opening at the summit. Eemale pore commonly a minute round 
opening, but in actively breeding leeches a transversely elongated 
or elhptical orifice as large or larger than the male pore and 
sometimes on a fiat, radially furrowed papilla In only one case- 
has a protruded penis been seen ; m this about 2 mm. of its end 
projects from the male gonopore. 

Nephropords usually large and located in the customary position 
from VIII a 1 to XIXEV 6 2, seventeen pairs m all. Sensillss are- 
entirely indiscernible on most specimens, but occasionally a few 
very small ones may be distinguished in the usual positions. 

Anus at base of sucker behind XXVII. Caudal sucker very 
large on most specimens, equalling oi even exceeding the 
maximum width of the body, four or even five times the buccal 
width. It IB almost always expanded, flat and discoid, with all 
except the centre or peduncular portion of the disk very thin and 
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Btnooth and frequently with the oblique and circular muscles 
■visible through the mtegument Yentral surface lacking radial 
ridges and maiginal cieiiulations 

Annulatio^i usually very distinct, the fuirows deep and the 
annuli serrate, usually with shai'p transverse ridges, which in 
strong contraction form low folds. Somites I, II and III are 
uniannulate, largely coalesced, and the fuiiows obscured by 
numerous fine wrinkles. IV bianniilate, the second annulus (a 3) 
being smaller and well-defined, the first often incompletely 
separated from III. V biannulate (cl, a2)>a3, on dorsum, 
united to form buccal ring or peristomium on venter. VI is 
usually triannulate dorsally (al=a2<a3 or(al, a2)>a3), or 
the furrovi a 1/a 2 may be so faint that it is disregarded, as on the 
venter, where it constantly fades out, leaving (a 1 a 2) as a single 
annulus VII triannulate, complete both dorsally and ventrally 
(^il=a2<a3), al in one case divided by a faint ventral furrow, 
^3 more or leas enlarged and occasionally with a faint furrow 
{h 5/h 6) on either dorsum or venter VIII constantly quadrannu- 
late (a 1 >a2=65=& 6 or al>a2<Z>6=66) , al invariably 
enlarged and with a distinct turiow on the venter. This furrow 
18 very chaiactenstic, and, with verv rare exceptions, occurs on 
fiee-living as well as on parasitic individuals It may extend 
across the entire width of the venter, and occasionally even on to 
the sides and part of the dorsum, but usually it meets the pre- 
ceding intersegmental furrow some distance short of the margins 
■of the venter, thus cutting off a narrow crescentic segment or 
lune from the anterior margin of the annulus Notwithstanding 
its constancy it is doubtful if this repiesenta a true incipient 
annulus (5 1), from which it differs in several respects In no 
case does it include nioie than one-thiid of the len^h of al, and 
usually it 18 much less In only one specimen of fortv-five 
studied is this furrow absent, making it a verv distinctive charac- 
teristic of the species. Sixteen somites (IX to XXIV) are 
complete and qumquannulate, all five annuli being typically equal 

1 = 6 2= a 2=6 5 = 6 6), except that on IX 6 1 and 6 2 and on 
XXIV 6 5 and 6 6 are usually smaller than the others, and the 
latter much crowded together ventrally by the sucker pedicel. 
Earely XXIV is quadrannulate, as described by Blanchard and 
on two specimens examined by myself. XXV triannulate (al= 
a2=a3oral>a 2=:a 3) or very rarely mcipieutly quadrannulate 
(61, 62)>a2 = a3; a2 aud a 3 crowded together and occasion- 
ally united on the venter. XXVI and XXVII each biannulate, 
the latter smaller and its second annulus often divided by the 
auus 

Colour in life (PI. IV, fig. 4) a unifoim dark green without 
stripes, bands or spots (Blanchard aud Murie)**^ No mention 

The coloured sketch from which flg 4, Plate IV , was copied was labelled 
JjtTmatis granukzay but evidently was drawn from a apeoimen of D ferox 
-taken along with several ot the former species and carrying the same Museum 
number 



DDTOBDBLIiA 


179 


of even a marginal stripe is made. It was this coloration as well 
as the slender, elongated form and inconspicuons eyes and jaws 
that misled Mune in determining hia specimens as Trocheta 
8vbvvi'%di8, Several of the preseiwed specimens retain much of 
the original colour, being uniform daik gieen or drab-green 
without the slightest trace of even the marginal stripes so 
generally present lu leeehes. Most of the preserved specimens 
are faded or discoloured, being grey, brown or drab, but always 
uniform and quite without markings. Parasitic individuals 
frequently are much stained and discoloured by the blood of their 
hosts 

Ahmentary canal (PI YII, fig 23) of sanguivorous type. Jaws, 
'howeyer, very small and weak, terminating the principal pharyn- 
geal ridges (dorso-median and paired ventro-lateral) and retractile 
into recesses of the buccal sinus , the dorso-median larger than 
the paired , all perfectly smooth, without papillro and all perfectly 
edentulous This statement applies to all of sixteen specimens 
studied, parasitic as well as free-living, and was verified on three 
senes of sections The salivary glands are largely developed and 
occur aggregated in small bundles or singly among the muscles 
of the pharynx. Their ducts form conspicuous bundles passing 
through the axis of the jaws and spreading in a fan -shaped plate 
to open along the apical ridge. Pharynx relatively small as in 
Hirudo, extending thioiigh VII and VIII only, fusitorm, bulbous, 
with musculature of moderate thickness. Mucous hnmg with six 
longitudinal folds, the principal ones dorso-median and paired 
ventro-lateral, terminating m the jaws and alternating with three 
smaller ones A well-maiked transverse valvular fold separates 
the pharynx from the stomach at VIII/IX. Stomach very long 
and extensively developed, the median tubular portion reaching 
flora IX to XIX inclusive. When empty or little distended this 
IS slender, with the chambers only slightly enlarged and little 
lobed ; when fully distended with blood, as is always the case with 
parasitic individuals, it presents numerous small lateral lobes 
between the bases of the caeca The caeca are exceptionally well 
developed Beginning in somite IX the fi.rst three or four pairs 
(to XI or XII) are small and irregular. Pollownng these to 
somite XVIII there is a veiy short pair succeeding a long slender 
pair in each somite. The latter reaches to the lateral body- walls 
and bends back obliquely into the following somite. The last pair, 
arising in XIX, are very long and slender and continue by the 
sides of the intestine to XXV. They are tubular and curiously 
looped or festooned, especially in contracted leeches When 
empty or nearly so the principal caeca are slender and tubular, not 
branched and lobulated as m many species, but plaited, folded and 
inoie or less compiessed. This is especially the case with the last 
u*efioxed pair. When distended with blood the plaits open out, 
’permitting the caeca to extend and expand and the main pairs to 
oveilap extensively, to fit themselves to the muscles and to displace 
»the aoiter organs. Tlie result is the almost complete fillmg of the 

2r2 
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body and tbe storage of an enormous quantity of blood. There is^ 
nothing distinctive about the intestine. 

B.&prodxict%ve orgaxn (fig 48) are fully developed and matiue 
only lu free-living specimens taken in water Several such dis- 
sected agree fully. Testes eleven pairs, XIII/XIV to XXIII/ 
XXIV , nothing noteworthy about them or the vasa deterentia. 
Epididymes rather small, lying in somite XI anterior to the 
prostate and concealing the antenoi part of tbe pems-sac from 
above, the duct compactly folded into two limbs bent together. 
Ejaculatory duct rather shorter and decidedly coarser than usual 
and viithout an enlaiged ejaculatory bulb Either one may pass 
beneath the nerve-cord. Atrium of the Exxudo type, but note- 
worthy because of the relatively great length and slenderness of 
the penis-sac, which may be folded on itself Prostate greatly 



Pig 48 — Dinohdc^ln f&rox Female reprodactive organs and terminal portion 
of male organs, fiom doi Mira X 4^ Atrium and epididymes displaced 
to left, vagina separated and displaced to right ^Dmwn from a smiill 
(70 mm ) free-living example Lettering as in fig 46, p 166 


enlarged, bent forward on the dorsum of the pems-sao, truncate 
and covered with a thick glandular layer The ejaculatory ducts 
enter at or near its distal angles None seen with the penis 
protruded. Female organs very distinctive. Ovisacs as usual, 
with short oviducts, either of which may pass beneath Ihe nerve- 
cord. Common oviduct also short and wide, with tbe albumin 
gland distributed along most of its length as a thin layer, and 
entering the extreme end of the vagina without any conspicuous 
line of demarcation. Va^na usually folded mto a compact mass, 
but consisting of a very Tong and slender tube lacking a csecum 
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And with little or no distinction betvNeen duct and sac. Specimens 
known to be parasitic or suspected of being so because of tlieir 
source and coudition, having tlie csBca filled with blood and the 
•skin stained and smeared with blood, are invariably sexually 
inactive The leprodiictive organs of such are very luuiute, often 
only two or three milhmeties long or even less in the largest 
leeches. They may scarcely rise from the ventral body-walls above 
the nerve-cord, and frequently m even the very largest leeches are 
very difficult to find. Except for their minuteness and iminatunty 
■they depart little from the form j ust described. The atrium is 
less elongated, but the penis-sac is slender and the prostate much 
enlarged and bent forward on the foiiner. There is no ejaculatory 
bulb, and the epididymis consists of a few open cods ot the sperm- 
duct Except that it is relatively less elongated and veiy much 
smaller, the vagina does not differ in appearance from the mature 
OLgan. Two of the free-liviug examples have reproductive organs 
somewhat smaller than the others but much larger than those of 
the parasitic individuals and intermediate in form 

The species as here determined includes two gionps, the one of 
seven specimens known to have been taken tiom the water, the 
other of thirty- five specimens eithei leported as having been 
removed fiom all the an -passages of mammals oi suspected of 
Jiaving had this origin because they are gorged with blood and 
bloody externally, and were collected by vetermarv agents. Every 
one of the latter, without exception, is completely iiuuiabure, while 
of the former, five have the reproductive organs obviously actively 
functioning and two of large si^se but less active. It is not a 
question of size or age, for the size of the parasitic forms vanes 
from 49 x 13 mm. to 168 x 22 mm , and ot the free-hvers from 
43 x 12 mm. to 128 x 17 1 mm , nor ofc season, for, while the date 
ot collection of many of the parasitic individuals is not stated, six 
*of them were taken m June, when the reproductive organs of the 
other group are highly developed, and otheis in July 

Although they possess nearly all technical charatteis in common, 
the two groups also present some diflerences. One of the most 
striking is the shape of the body, which m the parasites has the 
greatest breadth very far back close to the sucker and tapers 
regularly to the small head In the aquatic group tlie maximum 
width IS near the middle, but there is httle change throughout 
most of the length. This is probably merely the result of the fact 
that leeches of the first group are gorged with blood and that the 
‘distention of the great terminal pair of casca gives a greater volume 
to the posterior region in which they he. The caudal sucker of 
the parasites is verv large, even exceeding the maximum of the 
body, and the head is relatively small Free-hving examples, on 
the contrary, have the caudal sucker invaiiably much less than the 
maximum width, thicker and evidently contracted, and the head 
relatively much larger. I'hese differences it is po'^sible to explain 
as regulatoiy or adaptive change-^ due to the different modes of 
kfe and the varying uses to which these organs are put, especially 
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sboiild it prove that the free-livmg individuals wholly or partly 
prey upon insects, worms, etc , as Teiiiieut (1860) states. 

The question then arises, wliat is the relation between the two 
forms? Of course they may piove to be distinct species, but tliis- 
seems improbable. Assuming, theretore, that the view here taken 
18 correct and that leeches ot both forms may originate from the 
same lot of eggs, what relationships are possible ? There seem 
to be three . first, this may be an ordinary case of intermittent,, 
faculative parasitism, m which any individual may at any time 
play the pait of a parasite or of »i. free-hvei , second, the relation- 
ship may be a periodical one, eithei seasonal or developmental ^ 
or third, it may be that a life of parasitism, having once been 
adopted, becomes habitual for that individnal, and is persisted in 
eithei for life or tor a long period. These three alternatives with 
questions based upon them were submitted to a number of Indian 
naturalists and \ eterinarians, but without ©hcitmg any mforinatiun 
relative to the settlement of the problem. "Without presenting 
the pros and cons of each alternative at length, it may be saii 
that the second seems the least probable for the reasons already 
mentioned, that both parasitic and free-hving individuals occur of 
all sizes (no veiy small ones of either phase are known) and at ail 
seasons. The first alternative is the one that ap^'xori seems most 
probable, as it conforms more nearly \Mth uhat is known of other 
leeches, many of which wdll make a meal almost iudi:fferently upon 
small luvertebrates or upon the blood of vertebrates. The line 
between parasites and predators is a fine-diawn one. This also is 
the life-history usually attnbuted to Limnatis mloiiea^ Sav , 
which 18 similarly parasitic on Man (Masterman, 1908) Tenuent 
(1S60), wnfeiiig of the cattle-leeches of Ceylon (Ins Hmiopsis 
'paliidmi, winch I believe to be distinct from B f&ox), statea 
that they live among the vegetation of tanks, feeding on aquatic 
worms etc. until an opportunity offers of attaching to the muzzle 
of a drinking animal, when they enter the naies. 

There is considerable evidence that the period of parasitism in 
this species is of long duration and perhaps permanent for the 
individiial The original discovery of this leech by Mune (lb63, 
see also Blanchard, 1896) was in the viscera of a posted specimen 
of a Ce^'vus moliicceiisis which died in the London Zoological 
Q-ardens. This deer had first been sent to Amsterdam ; and while 
theie IS no published lecord of the time elapsed between its 
departure from its native Moluccas and its death lu London, 
it must have been a matter of several months, at least, during 
which the leecli remained a parasite in its air-passages Other 
cases are on record of these leeches being taken from the air- 
passages of yaks and bufl^oes imported into the zoological gardens 
of Europe The information gathered from correspondents in 
India (q v. Borbhetta bullock, p. 185) indicates that once having 
entered the air- passages the leeches may remain there indefinitely. 
That they do leave their abode voluntarily at times is indicated 
by the fact that they have been found in drinking troughs after 
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their hosts had drunk, and that one of the methods practisedin India 
for ridding cattle of them la to hold a bowl of water or milk at the 
animars muzzle and when the leech appears at tlie nostril to grasp 
and extract it. The fact that so many of the parasitic leeches 
have reached so great a size, coupled with the dwindling ot their 
reproductive organs almost to the point of disappearance and at 
aD seasons of the year, indicates a prolonged period of residence 
within the host, and a possible complete loss of tlie reproductive 
function, improbable as this may seem. Should this prove to be 
the case and the reproductive function to be confined to those 
individuals that have remained fiee-hving, then this would be a 
unique case among leeches of a non-reproducing parasitic and a 
reproducing free-hvmg class or semi-caste ; of a leech that under 
one set of environmental conditions responds in one way and 
under another set in quite a different way. Apparently this is 
exactly what happens in the artificial culture of H gramilosa (see 
p. 237), concerning which it is reported that individuals constantly 
employed for blood-letting lose the power of reproduction. Of 
couise it may be that still other individuals may accept the first 
alfernative and be inter mittentlv parasitic and free-hvmg. It is 
evident that this leech has an interesting and little-known life- 
history, and It IS hoped that an Indian natuialist favourably 
situated will discover its breeding habits, the mode of life of the 
young, exact relation to the host, etc. With this information at 
hand it is quite possible that a course of procedure could be worked 
out to prevent or control infestation of domestic animals. 

The cattle-leeches aie widely distnbuted in India, Burma 
and Ceylon, but appear to be much more abundant in some 
regions than others. In the dry uplands and desert regions they 
are said to be absent except when introduced m imported cattle. 
Tennent (1860) states that in Ceylon they abound m the alluvial 
lands around the base of the mountain zone, where they infest the 
stagnant pools {Hoemopsis paludum^ Tennent, o', v.) They are 
reported to be especially abundant in Manipur, and my own 
studies bear this out. They are plentiful in the Darjeeling 
District and parts of the Punjab also, and I have examined 
specimens from the United Provinces, Nairn Tal, Ceylon and 
Khumlan, Siam. Landon^s (1906) reference to land-leeches m 
the nares of bullocks in Sikkim possibly refers to this species (see 
p. 268), They range from low altitudes in Ceylon to 6000 ft. in 
the hills of Darjeeling and to 7500 ft. at Muktesar, in the United 
Provinces. It is not possible from the data at hand to state 
definitely in which parts of India they are indigenous and to 
which parts they have been caiTied by their hosts. 

The following mammals are known to suffer from their attacks : 
yak, buffalo, domestic cattle, horse, dog and deer, and doubtless 
other domestic aud wild animals are not immune The domestic 
ruiniiiantB suffer greatly and frequently become much emaciated, 
or, when the leeches are numerous and large, may even die as a 
result of the constant loss of blood and the irritation. HaviDg no 
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teeth these leeches are probablv unable to penetrate the outer 
skin, but the soft, highly vascular mucous membranes of the air- 
paaaages offer an abundant supply of blood of which they take full 
ad\antage, atta^jhing themselves sometimes in large numbers to 
the walls of the buccal chamber, nasal passages, pharynx and 
larynx. 

Some data kindly furnished by correspondents and bearing on 
the infestation of domestic animals are of much value. Dr. J, F. 
Ed wards, Director of the Imperial Institute of Yeterinary Besearch 
at Muktesor, very kindly consented to have a record kept for one 
year of all the leeches occiirnug m animals examined post-mortem 
at the laboratory, and sent to me a very interesting report compiled 
by M H. Cooper, Pathologist, which gives the only accurate 
statistics that I have been able to secure. In condensed form it 
is as toUows : — 

Inphsta-tion oi* Dombstio ANiMAiiS BY Cattle-Lbeohus 

AT MuKTESAH 


Month. 

Mo of animals 
examined 
foi leeolies 

No infested 

Total no of 
leeches found 

August, 1924 

120 

6 

5 

September . 

183 

9 

15 

(Ictober . 

135 

2 

3 

November . 

108 

0 

0 

December 

55 

0 

0 

.faiuiary, 1926. . 

30 

0 

0 

February.. .. 

U 

0 

0 

Maich 

1 

1 

1 

Apiil 

43 

4 

7 

May ... 

106 

3 

5 

June .... 

67 

0 

0 

July 

117 

0 

0 

Total 

965 

24 

36 


Two points are worthy of comment first, the small percentage 
of mtestation, lees than 2*6 per cent, and the abseme ot any 
reported infestation during the winter, and again diir ng June 
and July. The largest number of leeches taken from any one 
animal was four These data might be taken to indicate that the 
leeches leave their hosts during the early summei to breed, did not 
the Indian Museum collections include twenty-one specimens with 
shrunken reproductive organs taken from hosts during these two 
months The absence of leeches from the winter cases may he 
due to the small number of animals posted. 
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The following extract from a lettei h’Oin Mr. Cooper is of 
interest. — “I have obtained, thioiigh the hindness ot Mr A. E. 
Andrews, Eiitomologisr ot the Totklai Experimental Station, 
Annamaru, Absam, a preserved specimen of a leech taken from 
the noatiils of a JVIanipuri bullock at Borbhetta on the 26th of 
July, 1923 The bullock was imported from Manipur some 
filteen months ago and was at that time in good condition. After 
a period of a few weeks the animal began to lo'^e condition, until 
filially It was in a poor condition The Head Mohorir at the 
garden suggested that a leech in the nostril might be responsible, 
and the bullock was accordingly walked about in the aim for some 
tune and then offered water to drink. This leech then appealed, 
and was removed and preserved After lemoval of the leech, and 
without other treatment, the bullock rapidly picked up condition 
The Mohorir states that parasitism of cattle imported troui 
Manipur is extiemely common, while local plains animals are not 
affected by this type of leech Further, there is a tradition to the 
effect that infestation occurs during the crossing of a particular 
river on the road liora Mtinipur ” This leech is a typical example 
of the parasitic D ftross with scarcely discernible reproductive 
organs. 

In an earlier letter Mr Cooper wrote * “Our experience here 
(Muktesar) is that a very large number of cattle are attacked bv 
tliese leeches. During Jast winter a number of animalb in nasal 
granuloma experiments underwent post-mortem examination, and 
epecial examination of the nasal membrane was made. In a 
majoiity of them leeches were found.” Mr. S H. Sen writes 
^‘In Eastern Bengal ‘ cattle-leeches* are pretty numerous and are 
a source ot nuisance, particularly during the rains. Tliey may 
be frequently seeu wriggling in the transparent water of ponds, 
eventually obtaining a foothold under logs of \\ ood or on bnck 
embankments, wheie they wait for an opportunitv to attach 
themselves to their victims,’* and “ cattle-leeches are of common 
occurrence at Muktesar, being frequently found in the nares of 
cattle.” The gwallas extract them by holding a vessel of water 
close to the nostrils and securing the leeches as they partially 
come out of the nostrils, being attracted by the water Mr A. 
8. M Ayyar (1922) states that he easily succeeded in dislodging 
&\l of the leeches from the nares of a buffalo by syringing the 
parts with betel ]uice when all other means of extracting them 
had failed 

-33 Dinobdella notata, new species. (Plate VIII, figs. 34, 36.) 

Synonymy 

Whitmama sp ? Moore, 1924, pp 382, 888, pi xx, figs. 16-18 
(exterior and anatomy) 

Diagnosis — Size medium, m life probably 2-3 inches long when 
extended Form aud general external appearance as in Hceemo^pis 
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Lmng colour probably dark olive-green clouded with dusky, but 
without definite colour-markings ; paler and leas green ventrally. 
SensillflB very conspicuous, elongated white dots. Head and 
caudal sucker of about normal dimensions, the latter much less 
than the maximum body-width. Gonopores at XI 6 6/6 6 and 
XII 6 6/6 6. Eyes small but clearly visible and typical m arrange- 
ment. VUL a 1 entire (not cut by a furrow) on venter. Somites 
IX to XXIII inclusive, complete ; XXIY quadrannulate and 
XXV tnanmilate. Jaws small, smooth and edentulous. Qaatiie 
caeca well-developed, but not overlapping, as in D. ferooo. Both 
atrium and vagina elongated and slender , ejaculatoiy bulb well- 
developed. 

Eree-hvmg and amphibious, so far as known. 

Type in collection of Indian Museum, Palm Hills, 6860 ft , 
Aug , 1922, S. Kemp. 

Bescrvption , — Known only from two strongly contracted 
specimens (PI. VUI, fig. 34), the largest of which measures as- 
follows : length, 37 mm ; length to male pore, 6*3 mm. ; buccal 
width, 1*7 mm , width at male pore, 8 min maximum width 
(middle), 8 mm. , depth at male pore, 3 mm. ; depth at middle, 
2 4 mm. , diameter of caudal sucker, 3 7 inm The form is 
elongate oblong-ellipTical, with the ends neaily eqiiallv rounded 
and the widbh nearly uniform for most of the length; strongly 
flattened througliout, resembling contracted preserved specimens 
of Hcemops. 

Head much contracted, lip lackiug vential fissme, and inrolled 
into oral chamber. It is formed of the fiist three somites and 
part of the fourth, and marked by two or three longitudinal 
furrows Buccal ring composed ot the united onnuh of IV a 3 
at the sides and somite V ventrally. Eyes small but clearly 
visible, on somites II to VI inclusive, and disposed as usual lu 
Hcemop%s^ etc 

Chtellum not developed in these specimens. Male gonopore a 
simple, somewhat transversely elongated opening in the furrow 
XI 6 5/6 6, cutting slightly into 6 5 From it piotrudes a filiform 
penis, 9*5 mm long in one and 10*5 in the other specimen, about 
0 1 mm. in diameter at the base, clavately enlarged towards the 
end to about twice the basal diameter, tapered to a conical tip 
and slightly spirally sinuous. Female gonopore the usual simply- 
rounded small orifice in the furrow XII 66/6 6. Nephropores- 
conspicuously indicated by small white spots on the caudal 
margins, lust mediad of the intermediate sensillaB, of 6 2 of 
somites VIII to XXIV inclusive, 17 pairs. Anus a small orifice 
at the base of the sucker behmd XXVII. * Caudal sucker much 
smaller than in D ferox, of the general pioportions of Hcemopis^ 
In the contracted state the diameter is somewhat less than 
one-half the maxiraum width of the body, with a rather thick, 
fmTowed margin, and the venter nearly flat with a shallow central 
depression. Integument smooth, no papilles. 

Sensillce small and unelevated, but, owing to their clear white- 
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colour on a dark background, very sharply defined and con- 
spicuous throughout the entire length of the body. They ai*e 
peculiar in that, instead of being circular dots as in Hc^nopis^ 
they are short lines or dashes This form is especially evident 
towards the caudal end and on the dorsal intermediate, supia- 
marginal, and marginal sensillse, the axes o£ which are transveise,. 
while the dorsal paiamedians are oblique Ventral sensillsB but 
little elongated Dorsal intermediates much larger than any 
otheis, and doisal paramedians the smallest. Doisal marginals 
verv close to supra-inargiiials and sometimes divided into two or 
three smaller sensillffl. In terms of percentages of the entire 
cmcumference the interspaces between sensillm on «;omite XY are 
as follows: A =4 3, 3=9 9, 0=6 6, D = 3-3, 3 = 5*6, 3=8 6,. 
0-= 6*4, and 11=13*2. On the ventral siirtace of eacli annulus 
are numerous scatteied sense-oigans not seen on the dorsum. 
The caudal sucker bears eight doisal series of seusillEe of three or 
four each 

Annxilation. — Except at the ends, where it is obscured by con- 
traction, the annuliLtion is very distinct, smooth, and regular. 
Somites I to III umannulate, no inleiMiinular funows being 
visible, IV biannuLite, w'lth a shallow^ a 2/a 3 furiow. V bian- 
nulate (a 1 , a 2) > a 3, the first annulus only slightly enlarged^ 
with a shallow fmrow dorsally, unianniilnte veiitrallv as the 
buccal ring. VI also bianniilate dorsally, wuth the furrow a 1/a 2 
deeper than on V, but obsolete venirally on the post-buccal ring. 
VII tnaunulate (a l=a2< a3), with a 3 enlarged and exhibiting 
a faint secondary furrow, all annuli shorter on the venter. VIII 
quadrannulate {al>a 2=& 6 = 6 6), a 1 being enlarged and faintly 
divided on dorsum, quite simple and equal to a 2 on venter 
IX to XXTTT, or fifteen annuli, quin q nan nulate (6 l=6 2=a2 = 

6 5=6 6), the last two annuli slightly smaller on XXIII XXIV 
quadrannulate, with a 3 shghtly longer than a 2 dorsally, and 
with the secondaiy furrow at the margins of one specimen, but 
no furrow on the other; XXV tnannulate, (6 1, 6 2)>a 2<a 3- 
on the dorsum, al=<x2=a3 on the venter. XXVI bianniilate 
on one, imperfectly biannulate, with both primary furrows at the 
margins, on the other. XXVII uniaunnlate. 

Colour m Ilf© unrecorded. Alcoholic specimens have the* 
dorsum nearly uniform dark slaty- brown, tinged wnth olive-green 
and dusky, the latter more or less concentrated m an irregular 
tramsverse band across each annulus, especially a 2, ou which the- 
white sensillae stand out with great clearness Venter an obscurely 
mottled lighter grey without definite traces of green or any 
distinct markings Marginal stripes continuous, well defined and 
clear yellow, sharply separating dorsal and ventral colour-areas. 

Anatomy — Jaws verv small and inconspicuous, relatively higher 
than in B^fevox^ but, like those of that species, quite smooth and 
edentulous. Both specimens were examined and no teeth found 
in either entire mounts or sections of jaws. No papillss*. 
Pharyngeal folds very low, practically obsolete Stomach reaches- 
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Erom IX to XIX incluBive, and bears in each somite two pans of 
cffica, the one very small, the other large and epacioas but simple, 
with the somewhat bnlbons end reaching almost to the body-walls, 
•but not bent caudad and overlapping as in jD In XIX the 

teimiual pair ot large cssca arise, and continue bv the side of the 
intestiue to XXV. They are spacious, bear a lateral lobe m each 
somite and, like the rest ot the stomach, tlim-walled, with a 
vermicnl^tely-folded mucous lining. Intestine begins in XX, is 
indated but only obscurely chambered m the anterior part, tapers 
to the anus and is thm-wallecl with transverse mucous folds. 

Reproductive organs (PI VIII, fig 35) resemble those of 
JD, ferosc^ but differ especially in the well-developed ejaculatory 
'bulb They are large and very well-matured in both specimens, 
notwitharandiiig the almost total absence of a clitellum, but only 
one was dissected. First pair of testes at XUI/XIV, of large 
size and the usual form and position. Owing to the fragility of 
ithe stomach the remaining testes and vasa deierentia were not 
exposed, the number, therefore, being undetermined Epididymis 
very compact, ellipsoidal masses of a very intricately folded, fine, 
dull white tube, passing at its anterior end into the hard, thick- 
walled, lustious, elongated, fusiform ejaculatory bulb, which is 
disposed transversely but with both ends involuted. Its medial 
►end continues as a slender ductus ejaculatorius, tlie lett one 
ipassing beneath the nerve-cord, to open into the prostate cornu 
ot the atrium. Atrium lies to the right of the neive-cord, and 
^occupies most of that side of somite XI, being doubled and twisted 
on itself so that the end ot the prostate lies immediately behind 
ganglion X and the penis- sac opens to the exterior behind 
ganglion XI Penie-sac long, slender, cylindneal and higlily mua- 
-cular, about fourteen times as long as thick, the diameter 
increasing sliglitlv before it passes into the globoid prostate, 
which bears on the aides the prostate cornua, the ends ot which 
project from beneath the margin of the glandular layer 

Ovisacs are pyriform and lie on the flooi ot the body on each 
side of the nerve-cord at XII/XIII. Oviducts short and slender, 
the right one passing beneath the nerve-cord to unite with the 
'left in a common oviduct, which is piovided with an albumin 
gland at the point ot union, and continues as a slender tube with 
several folds to empty into the end of the vagina. Vagina, like 
the atrium, a simple, transversely looped tube, but ou the left side 
ot the nerve-cord, slightly longer than the penis-sac, but only 
about one-third to one-half its diameter. There is no distinct 
division into duct and sac, and no csecum. Common oviduct and 
vngina are one contmuoua tube without break or external 
-distinction, the part of the vagina corresponding to the sac being 
merely a slight fusiform enlaigement. 

The muscle-bands of this species are much more delicate than 
■those of D. fetox, and on the venter may be counted through the 
translucent integument, there being nine in H, three or four in 
»G-, and four in F, 
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Oeogi'cuphical Dtsirihution imd B%o^iom%C8 — Known only from 
t\\ 0 specimens labelled “ Kodaikanal, Palm Hills, S India, Aug^ 
1922, 6850 tt , S. Kem;p. Under stones at edge of swamp 

Apparently the species is amphibious, and probably feeds 
indifferently on smaller invertebrates and the blood of vertebrates. 
The one dissected had the stomach partly filled with coagulated, 
blood. (See also Appendix, p 296.) 


Q-enus HLRUDO, Lmnasus 

Synonymy 

Hii ndo, Linneaus, 1768, p 649 (in part) 

Sangmmyaf Savigny, 18J0 (22), p J14 
Sanynmiqa^ Moquiii-Tandon, 1826, p 114 
lati obdella, Blainville, 1827, p 254 
Hifudo, ALoqmii-Tandon, 1846, p 326 (in part) 

Hit udo, Whitman, 1886, p. 364. 

Hii itdo, lilanchaid, 1894, p 89, 

Hivudo, Oka, 1910, p. 181 

Diagnosis — Size niedinm to large Colour-pattern usually 
longitudinally striped, but occasionally spotted or solid Eyes- 
five pairs, well-developed Sensilles four dorsal and three ventral 
pairs, typically conspicuous, but in the Indian species small and 
obscure. Somites IX to XXIII or XXI V (fifteen or sixteen), 
quinquannulate and complete. Male and female gonopores veiy 
constantly at XI and XII h BJh 6. Clitellum X & 6 to XIII a 2, 
No copulatory glands or pores Jaws prominent, hut variable in 
length. Typically the salivary glands all open on the dentigerous 
ridges, and papillae are entirely wanting Teeth typically strictly 
monosticbodont, acute, conical and from 40 to 100 on each jaw 
(H. hirmamca has traces of distich odonty at the central ends of 
the series, and on some specimens a few small salivary papillae ) 
One pair of large, but little-lobed gastric caca in each somite from 
X to XIX inclusive, the last pair reaching caudad to about XXV. 
Atnum typically pyriform, with the penis-sac not greatly elongated, 
but in the two Indian species much longer than usual. Ej'acu- 
latoiy bulb well-devoloped. Vaginal sac fusiform, without csecum, 
varying much in relative length and diameter, the vagmal duct and 
the common oviduct always continuous with its outer and inner 
end respectively. 

Type-species, H medioinalis^ IjinnsBus, 1758 Europe (for 
figures see Moquiu-Tandon, 1846, and Harding, 1910) 

Two recognized Indian species, as follows : — 

A Colour unifoim ; no metameiic featiues , 

XXV tinannulate . . Himdo asiatica^ p. 190. 

AA. Colour-pattern longitudinally striped, 
with metamenc spots and constric- 
tions, XXV usually quadrannulate. Hirudo hvrmanicay p. 192^ 
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34. Hirudo asiatica Blanchard. (Plate VlII, fig. 25.) 

Synonymy 

Avlostomum gttlo (A my?‘28ce7i8), AitcLmaon, 1889, p. 106 Tirphul, 
Afghanistan border 

13i€B^io\m asiatica Blanchaid, 1894, p. 116 Same. 

Sirudo asiatica Blanchard, 1896, pp 320-322, fig. 4 (annulation of 
caudal end) Same 

Diacfnosfis — Size similar to H himiamca^ but more slender than 
that species and with, relatively larger sucker. Colour uniform 
dark olive or brown without maikings Sensillie obscuie Com- 
plete quiquaunulate somites fifteen or sixteen, IX-XXIII or 
XXIV XXV tnannulate. Jaws prominent but short, teeth 
inonoatichodont, about 50, no salivary papillfla Stomach as in 
iT birniamca and reproductive organs differing little from that 
species Attacks frogs. 

Type in British Museum. Type-loeahty : Afghanistan. 

DescnpUon — A small species of the typical aspect of Hirudo, 
but with the caudal sucker rather larger than in other small 
species. Blanchard’s largest specimen (in alcohol) measured 
40 min. long Mine has a length of 37 mm. ; to male pore, 7 mm. ; 
^idth at buccal rmg, 13 mm., at male pore, 4 mm ; maximum 
width (XVIII), 4 8 mm. ; diameter of caudal suckei, 3’6 mm , 
depth at male pore, 2*2 mm. ; depth at somite XVIII, 3 min 

Fonn rather slender, with the greatest width just caudad of the 
middle and leaching to the caudal fourtli, little tapered caudallv, 
much more so toward the moderately small head ; little depiessed, 
most so near caudal end, nearly terete in pre-cliteJlar region. 

OepJiahc sucker of moderate size in contraction, tip broad with 
marginal furrows, but vMth no distinct median ventral fissure. 
Buccal ring formed bv somite V (annuli 6 and 7) and in part by 
IV fl 3. Eyes conspicuous, arranged as usual on annuli 2, 3, 4, 
6 and 9 (somites II to VI). No externally visible cliteUum. 
Male and female gonopores at XI 6 5/6 6 aud XII 65/6 6 respec- 
tively, in the furrow or slightly on 6 6, both small, the male on a 
slightly elevated area. Sensillm indiscernible. Nephropores dis- 
tinctly on the caudal margin of 6 2 fiom YIII to XXIV 
inclusive, seventeen pairs. Caudal sucker somewhat larger than 
usual in species of Hii'udo, two-thirds width of body m partial 
extension, circular, fiat, smooth, freely pedicellate. Anus at base 
of sucker, behind somite XXVII, small. 

Annulation well-defined, except on somites I, II and III, which 
are each nniannulate. IV biannulate (al, a2)>aS; V biannu- 
late (al, a2)>a3, united ventrally and with IV a 3 to form the 
buccal nng. VI tnannulate (a l<a2<a 3), the first two united 
ventraUy as the post- buccal rmg VH also tnannulate, but a 3 
enlarged and with faint furrow 6 6/6 6 limited to dorsum VIII 
quadrannulate (al>a2=65=6 6), al being larger than VII a 3 
and exhibiting a rather deeper secondary furrow'. IX-XXIII are 
qmnquannulato, each of five approximately equal annuli, making 
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■fifteen complete somites. XXIY is quadranniilate, but might 
with almost equal propriety be interpreted as quinqiiannulate. 
Blanchard unequivocally figures it as the toimer. In my speci- 
mens the formula is 61=52=a2<tf3 (Z>6-l-&6); a 3 is only 
slightly laiger than the other annuli, but the furrow 6 5/6 6 is so 
olearlv defined all round that it may fairly be considered to be 
divided into the two annuli 6 6 and 6 6. XXV is triannulate 
.(a I>a2=a3 or a 1 ^a2=a3). XXVI is bianuulate and XXVII 
similar but reduced m size, the exact constitution of the annuli 
being uncertain in the absence of definite cnteiia. No definite 
papillffl and no sensillsscan be detected. 

The colour is stated by Blanchard to be a uniform dark olive 
without spots or stripes. The Indian Museum specimens aie of a 
perfectly uniform dark golden-brown, probably due to the action 
of reagents and entirely lacking in any trace ot pattern. 

Anatomy , — The larger of the two specimens was dissected 
(PI. VIII, fig 25) Jaws smaller than usual in Hirudo, relatively 
high 111 proportion to the length, with stiongly marked dentigeious 
ridge and entirely without salivary papillae. Denticles mouo- 
stiohodont, according to Blanchaid, fifty-two, m this specimen 
most of them are broken, but ap])arently the number is only 
slightly less. Pharynx reaches to IX. Stomach of the Hirudo 
type and partly filled with blood ; begins in IX, in which and in 
X and XI there are three pans of small caeca. In each post- 
genital somite from XIH to XVIII there is a pair of large, short, 
wide, little-lobuliite caeca, and, alternating with these and coveied 
by them, a much smaller posterior pair. In XIX the first pair of 
caeca are much enlarged and continue by the aide of the intestine 
ijo somite XXV, beanug slight lateral lobes in each segment. 
The intestine begins in XXI with a small globoid ‘‘gastric’* 
chamber, and contiiuies as a thm-walled tube, aligbtlv chambered 
by constrictions at the septa, but without definite cseca to XXIII, 
beyond which it becomes thicker- walled, and without further 
sacculation tapers to the anus- 

The reproductive orga'nSy if normal, show several peculiar 
•characters. Testes, ten pairs, m the extreme caudal end of 
somites XIII to XXII inclusive, each extending somewhat into 
the next succeeding somite, small, especially the last, and globular. 
Vas deferens as usual Epididymis a small, compact, globoid 
mass formed of a tortuously folded tube, occupving XI 6 6 and 
XII 61, its total diameter scarcely equal to that ot the penis- 
sac Ejaculatory bulb subfusiform, the largest end posterior in 
ooutaot with the epididymis, tapering and strongly hooked toward 
the cephalic end just caudad of ganglion XI, where it passes into 
the ductus ejaculatorius ; its total length, if straightened out, 
about one and one-half times the diameter of the epididymis, 
and its maximum diameter about two-fifths of its length. Ducti 
ej'aculatorii slender, slightly tortuous tubes, the left passing 
directly to the extreme end of the atrium, the right beneath the 
.nerve-cord to open into the atrmm about twice its diameter from 
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the end. The atrium lies to the left of the nerve-cord and la- 
remarkable in that it lacks altogether any prostate enlargement 
or investiture of prostate glands, but this may be abnormal for the 
species. It IS throughout cylindrical, of uniform diameter and 
firm, muscular texture ; unusually long and slender for a Eirudo^ 
being about thirteen or fourteen times as long as thick, tapering 
slightly to a rounded end. Prom the point at which it emerges 
from the ventral muscles just caiidad ot ganglion XI it reaches to 
the end of XII, behind the opening of the vagina, and bends back 
on itself in a sigmoid dorsal limb which reaches to the anteiior 
end of XI and is one and one-half times the length of the ventral 
limb. Female organs also on left of nerve-cord, much smaller 
than the male, the total length of the vagina being less than one- 
half of the atrium. Ovisacs small, about diameter of a nerve- 
gauglioQ, globoid, situated serially with the testes on each side 
of tlie nerve-cord ventral to the stomach at XH/XIU Paired 
oYiducts short, scarcely exceeding diameter of ovisac, the right 
passing beneath the nerve-cord and meeting the left in a large,, 
irregular albumin gland. Common onduct short and not clearly 
delimited from the vaginal sac, on the cephalic face of which it 
lies and into the tapering end of which it opens. Yagmal sac 
fusiform, its length about four times its diameter, which is one- 
half that of the pems-sac. Yagmal duct tubular, slightly bulbous 
at external opening, of same colour and texture as sac and about 
one-half its diametei, and slightly longer, 

Geogj aphiciil Distribution and Bionomics. — ^Little is known of 
this species. Blanchaid's account is based upon six specimens 
m the British Museum taken in fresh water near Tirphul,, 
Afghanistan, on the Persian boundary. The Indian Museum 
collection includes two specimens believed to represent this species 
taken at Anwargan], Cawnpore District, United Provinces 
(No. 4911, Sept. 3, 1911, J. W. 0 ). Aichmson (1889, p. 105), 
who collected the types, remarks as follows “ At Puza-gish I 
found the frogs suffering from leeches attached to them; this 
leech, Mr. Q-eofirey Bell tells me, is the common one of our own 
lakes, Aulostomum gnlo (A. nigrescens)^ and that the presence of 
this species in Lake Baikal has been already signalized by 
Qrube, but he does not know that it has been reported to attach 
itself to frogs.” 

36. Hirudo birmaiiica (Blanchard) (Plate YIII, fig. 26 ) 
Synonymy ; 

Ecamoins hiiinamca Blanchard, 1894, pp 116-117, Lower Burma,. 

not Sismopza hirmantca, Xaburaki, 1921, pp 712, 713 {=zD feroi) 
Evi'udo mpponica fmcolvneata Moore, 1924, pp. 873, 874, pi xxi,. 
figs. 27, (extenoi) Madras Prov (immature) 

Ihaqnosis. — In life, extended, inches long, slender and 
small-headed. Colour olive or olive-brown with seven dusky or 
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brown dorsal stripes, tbe outer (supra-marginal) of which includes 
darker quadi*ate spots on 6 6 and 6 1 of every complete annulus , 
a broad, cleai yellow marginal and a dusky siibmarginal stripe 
Gephahc sucker small and caudal sucker ot medium size. Eyes 
arranged as usual, but small. SensiUse very small and incon- 
spicuous. Sopiite XXV usually quadrannulate, sometimes triau- 
nulate. Jaws short and high, usually without papill©, occasionally 
with a few small ones, hearing 43-69 conical teeth. Atrium 
10 to 16 times as long as diameter; ejaculatory bulb large ; vagina 
of length corresponding to atnum; oviduct, vaginal sac and 
vaginal duct passing gradually into each other. 

Free-living and sanguivorous 

Type in Genoa Museum. Type-locality . Elarenni Mts., Low'er 
Burma. 

Description . — Form as in H. nippomca, a rather slender, small- 
headed leech, which in life probably does not exceed a length, 
extended, of three inches and when contiacted of one inch. A 
moderately extended example nieasiiiea as follows . length, 
36 mm ; length from end of lip to male pore, 7 5 mm. ; buccal 
width, I'Sinm., width at male pore, 4 7 mm.; maximum width 
(clitellum), 5 3 mm.; at middle of length, 6 mm. ; diameter of 
sucker, 3*6 mm.; depth at male pore, 2 6 mm.; at middle, 
3-5 mm. Others vary in length and width from 9x2mm, to 
46x11-5 mm. The form may be either subcylin droid, slightly 
depressed subfusiforra, or strongly depressed with ovate-lanceolate 
outline, but invariably the preclitellar region is relatively tapering 
and slender 

Qephahc region small and narrow, approaching D. ferox The 
hp very small and short, smooth, rounded and without expanded 
margins, constituted of somites I-IV, which are faintly separated. 
Except for the dorsal oral angle there is no permanent ventral 
dssure, but in contraction the lip is folded into a pair of lobes 
with a cleft between. The margins of IV a 1 often form a pair 
of small triangular lateral buccal lobes projecting into the oral 
chamber Buccal ring composed of IV o3 and all of V. Eyes 
five pairs, all small, disposed in the usual arch on somites II to 
VI, the last three clearly on the sensory zones of their somites, 
the first three on contiguous annuh, the fourth separated by one 
annulus and the fifth by two. Those of the first two pairs look 
forward, the third forward and laterad, the fourth caudad and 
laterad, and the filth caudad. 

Clitellum zonary, but thin and ill-defined, extending over fifteen 
or sixteen annuli, from X & 5 or a 2 to XIII a 2 inclusive. When 
best developed this is the widest part of the body. Male gono- 
pore strictly interannular, at XI 6 5/6 6, the latter annulus usually 
somewhat enlarged medially, the orifiice varying from a minute, 
scarcely visible, hidden pore in immature leeches to a fairly con- 
spicuous, transverse slit with furrow^ed lips elevated on a low 
mound in fully mature ones. Penis rarely proti-uded up to 
5*5 mm., with a diameter of 0*2 mm. at the base, filiform, slightly 

o 
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enlarged and truncate at tip, spirally wavy. Female gonopore at 
XII 6 5/6 6, or rarely slightly within the enlnrged middle region 
of 6 6; invariably a minute round pore, often hidden m the 
furrrow. 

Nephroipoi*es seventeen pairs, on YHI to XXIV inclusive, very 
small and often invisible or hidden, opening on the caudal margin 
of the second annulus (62) slightly mediad of the intermediate 
sensiUflB. Anus situated caudad of XXVII, or in one case at 
XXVI/XXVII, small, with furrowed lips. Caudal sucker from 
one-balf to two-thirds of maximum width according to state of 
extension, with central pedicel and thin wide iree border, flat, 
discoid ; ventral face with numerous shallow^ radiating furrows 
ending in slight marginal notches. 

Annulatimi very distinct and regular, with deep, sharp, smooth 
furrows. Surface smooth, without large papillae, but each annulus 
bearmg a transverse series of nineteen to twenty-eight dorsal, and 
as many ventral, minute, pale or white, slightly elevated sensory 
papillae. Similar sensory papillae are found on the sucker, arranged 
in concentric rows Segmental sensillae cannot be distinguished 
in surface views, and sections of this species have yet to be 
studied 

Somites have the following annular composition I, II and III 
simply uniannulate. IV uniannulate or, if the faint a 2/a 3 be 
counted, biannnlate. V distinctly biannulate (al, a 2) slightly 
>a3 on the dorsum, but united on the venter to a single buccal 
Ting. VI biannulate, VII strictly tnonnulate (a 2 < a 1 < a 3) both 
dorsally and ventrally, or occasionally al<a2<a3, a3 being in 
all cases enlarged but not subdivided , furrow a2/ad much > al Ia2, 
Vin quadrannulate (a 1 > a 2 slightly >65=66 or al>a2=6 5 
=66), a 1 being distinctly enlarged, but, except in one case in 
which a faint secondary furrow completely encircles it, quite 
entire; in depth of furrows a2/6 5>al/a2>65/6 6 Fifteen 
somites (IX to XXIII inclusive) complete and quinqiiammlnte 
(6 1=6 2=a 2=6 6=6 6), While the furrows aie generally of 
equal depth, m the preclitellar somites there is a marked tendency 
for the annuli to become grouped in threes (61 -f-62 + aI) and twos 
(66 + 66). XXIV IS usually quadrannulate (61=62 = a2<a3), 
but a 3 IS Bub]ect to much vanahon. Most frequently and on 
nearly all of the best-preserved and most-extended specimens it is 
about one-fifth longer than a 2, either with no 6 5/o6 fuirow or 
with a very faint one of varying extent. This furrow may be 
deeper and limited to the niid-dorsal region or extend toward or 
to the margins, or even to the ventral surface, rarely completely 
encirchng the annulus When this furrow is sufficiently distinct, 
6 6 IB much smaller than 6 6, and in one case m which the furrow 
IS undeveloped a 3 is no longer than a 2, In four strongly con- 
tracted specimens the furrow 6 6 is so deep that the somite 

would undoubtedly be intei^ireted as quinquannulate if no other 
specimens were available. XXV also is nonnail v quadrannulate, 
but in all parts much smaller than XXIV, and differs from it m 
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having the annuli normally gi’ouped m twos (6 l + 52=£»2-j-rt 3 
or 6 1 h- 52 <a2+«3), but the furrow bljb2 is constantly 
shallower tlian a2ja3 and often incomplete, m which case the 
somite might be interpreted as ti iannulate, (61, 62) > a 2 = a 3. In 
some cases it is so httle developed that no other inrerpretation 
is possible. Other recorded variations are a redaction lu size of 
a 3, which even may be incomplete (6 l + 6 2>a2+cf3), and 
partial unions at the margins or on the venter, where these annuli 
are much crowded, between a 2 and 62, and between a 3 and 

XXVI al, XXVI biannulate on most examples, consisting of a 
larger papillated anterior annulus aud a smaller nearly smooth 
annulus, the former sometimes exhibiting traces of the furrow 
a i/a 2 at one or both margins. On immature examples XXVI is 
usually uniannulate, with a faint or incomplete a 2/a 3 furrow. 

XXVII is lu variably uniannulate, but may exhibit a faint cross - 
furrow. The only important respect m which this species differs 
from the typical annulation of Hirudo is in the better development 
of somite XXV. 

Colour , — There is no aiitlieutic published deseiiption of the 
living colours, which are probably greener than the preserved 
specimens *. Ground-colour of alcoholic specimens pale yellowish- 
grey, clay-colour, olivaceons-yellow, or light brown, marked on the 
doisum with a median and three pairs of dark stripes, and on the 
venter by a pair of broad submarginal dusky stripes; margins 
with a bioad clear yellow stripe. On young specimens, up to 
about 25 min. long and 6 mm. wide (when contracted), and rarely 
on those of larger size, the colour-])attern is remarkably sharp, 
definite, and complete, with regular and precise metameric features. 
On such the median stripe is sunk deeper m the tissues than the 
paiied stripes, and consequently appears dusky or dull brown, 
continuous for entire length, except for a slight tendency to become 
constricted or paler (pale spot) on 6 6 of each somite, otherwise of 
very regular width and clearly defined. Paired stripes built up of 
clear, sharp black spots aggregated and coalesced Supramarginal 
stripes in addition are more or less dusky for then* entire width 
from the presence ot deep-seated, diffuse ])igment, especially 
evident along the lateial border. Pull width of these stripes 
about twice that of the inecbau stripe, winh the following salient 
features — Prom V to XXV usually appear on 6 0 and 6 1 clearly 
defined, transversely elongated, subquaclrate black spots, leaving 
gaps on 6 2, a 2 and 6 5 which are bridged by narrow, arched 
lines connecting the medial ends of the spots. On incomplete 
somites at the ends of the body the metameric spots often persist, 
and are confiiued to those portions of the primary annuli wdiich 

*Teunent (1861, p 483) states that, besides the common medicinal leech, 
there is in Oeylon “a smaller tank leech ot an olive-green colour, with some 
indistinct longitudinal stiiao on the upper surface, the oreuulated. margin of a 
pale yollowisli-green , ocelli as in the paddy-Jleld leech , length one inch at rest, 
three inches extended ” This is behoved to be if biimamca 
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^ouldforni 6 6 aud 6 1 if separated. Paramedian narrowest of 
the seven stripes, about one-half width of median and more or 
less irregular, but sharpl}^ defined and constituted of a senes of 
scallops or arched lines footing on 6 6 on more heavily pigmented 
spots reaching nearly to the median stripe, the result being that 
the pair of paramedian stripes together form a broad-linked chain 
enclosing the median stnpe. Intermediate stripes begin at the 
cephalic end as a senes of detached metamene spots, which extend 
both ways from the sensory onnuh, increasing m size successively 
until, at about XI, they unite into a continuous stnpe, which 
throughout its length exhibits interseginental constrictions alter- 
nating with expansions attaining their maximum on a 2. These 
enlaigeinents thus alternate with the supra-margiual spots, and 
usually include one or more small white spots, thus having a chnm- 
hke appearance. Caudally the intermediate stripes are broken 
into spots by gaps on 6 6 Lips dusky, and caudal sucker with 
dusky spots derived from either the supra-marginal or the para- 
median stripes. On one example the paripnedian approaches the- 
intermediate instead ot the median stnpe, and forms on each side 
a cham-hke figure, the supra-marginals with their dusky lateial 
borders forming a second pair of chain-stripes. Earely the entire 
median aiea between the paramedian stripes becomes a deeper, 
ncher colour than the rest of the gi’ound, thus forming a broad 
median field. 

On larger examples there is exhibited a breaking-up and obscura- 
tion of this precise pattern, the median stripe alone remaining 
continuous on most specimens, but becoming dull brown and 
obscure. The other stripes dismtegi-at© by the nai rowing and 
final interruption of the connecting parts, resulting in the foimn- 
tiou of irregular spots in which the constituent metameiic elements 
are usually recognizable. The extieme is reached m those indivi- 
duals in which all of the markings are very dull, obscure and 
much broken and disconnected, with traces only of the original 
pattern, and in a rarer type in which the spots aie clearly defined 
and deeply pigmented, but altogether irregular, forming a more or 
less reticular pattern in which the original stripes, with the excep- 
tion of the median, are nnrecogniziible One of the latter type 
was found in which the spots are so numerous, small and uni- 
formly distnbutecl that the general naked-eve effect is of a nearly 
uniform slate-coloured dorsum. In addition to the submargiual 
stripes, which are constant, but vary in intensitj'- and width, the 
venter may bear a very few small, distant black spots, but is 
usually immaculate yellowish-grey or clay-colour. 

Digestive System . — Oial and buccal regions as in if. ntppomca. 
Jaws small, but prominent, short and high, the two dimensions 
about equal, strongly compressed, m most cases lacking papillm, 
but occasionally with a few small ones Teeth rather large (about 
0*0036 X 0 0012 mm. at middle of senes), relatively short, conical, 
slightly curved, 43-49 (in four specimens), up to 59 m one, 
monostichodont with incipient doubling (or rather halving) of the 
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larger ones at cential end o£ senes. Pharynx reaches to end of 
somite IX, nearly smooth infeerually, its longitudinal mucous folds 
veiy little developed. iStoinach extends from IX/X to XIX/XX, 
its c 80 ca only moderately developed; two small pans i n X and 
XI anterior to the leproductive organs ; from XII to XViil two 
pairs in each somite, the larger straight, limited to the somite in 
which it arises, somewhat bulbous dist^ly and either simple or 
bilobate, nev^er complexl 7 branched in any of those dissected, even 
when filled with blood; the other pair much smaller, merely 
short, wide saoculations between the bases of the larger caeca; 
terminal pair arising in XIX and extending by the sides of the 
intestine caiidad to XXY, spacious but tubular and simple, with- 
out definite lobes. Intestine beginning in XX, tubular with 
intermetamenc constrictions, dividing it into indistinct chambers 



Fig 49 . — Hitifdo hirmanica. Partial view of dissected repioductive organs, 
from dorsum Atrniiu displaced to right, vogma to left X6i 
Lettering as m preceding flgiiies 


to XXin, bub without caeca; follov’ved by the sliort rectum 
tapering to the anus. All regions of the digestive tract, except 
the muscular pharynx, are thin-waUed, with numerous small folds 
of the mucous lining. 

Reproductive O'tgans (fig 49) of the Eirudo type, but diverging 
somewhat toward the ffcemopis type in the proportion of parts. 
Testes, in the one specimen tully dissected, nine on each side from 
Xni/XIV to XXI/XXII, the first and last being smaller than 
the others, otherwise in no way peculiar. Vas deferens the usual 
irregular, winding, gland-covereci, yellowish duct on the body-floor 
Interad of the testes, and receiving their efferent ducts, losing the 
glandular covering m the caudal part of XIII and gradually 
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tapering to a very delicate and less tortuous duct tliat enters the 
caudal end of the epididyiiiia. Epidid\ini8 a compact, globoid 
mass 111 somites XJI and by the side of the atiiiim and not 
miicli exceeding the pems*sac in diarnetei, constituted of the closely 
and intricately folded sperm-duct, which heie has a diameter 8e\eral 
times that of the vas deferens, without its glands, and ii regular, 
soft and dead-white or slightly yellowish m colour Its autenor 
end coutiiJiiea into the abruptly enlarged nnd prominent, strongly 
cuned, fusiform, hard and luatioua ejaculatory bulb. This lies 
chiefly transversely to the body-axis, and tapers medially into the 
short,' slender ejaculatory duct, whicli in turn enters the prostate 
coiiiu of the atrium on the ventro-lateral face of the prostate 
region, close to the point where it -jorns the jiems-sac* Atrmni 
consists of a long, cylmducal, muscular penis-aac and an enlarged 
gland-covered head or pi estate, the foimer doubled sharply on 
itself at the level of ganglion XIII and more or less iolded, so that 
theintenuil (doiaal) limb is about twite the length of the exterriul or 
ventral limb, thus bringing the end of the piostate to the level ot 
ganglion X, whereas the externnl end of the penis-sac lies caudad 
of ganglion XJ. The penis-sac comprises aiioiifc six-sevenths of 
the atrium and is about twelve (10-15) times its own diameter, 
nearly regularly cylindrical, of a vellowish colour and satiny lustre, 
and with a thick layer of longitudinal muscles, which often have 
a spiral twist and are more or less fluted or sliglitly ridged. 
Prostate a dull wdiitisli enlaigement about one-sixtli as long as the 
pems-siic and nearly twuce its diameter, ovoid or subconicul in 
shape, nnd covered with a thick layer of often lobulated prostate 
glands, near the hee border of w'bich the prostate cornua emeige 
to meet the ejaculatory ducts. The piosiate lies in XI and XII, 
usually concealing both ganglni and the terminnl poition ot the 
fltnum from doisal view . 

Femah oi/^cnsare petulinr foi their slender, elongated form, the 
slight differentiation of the vaginal sac and the easy gradation of 
all its parts m a continuous tube. Ovisacs of the usual form and 
81 /e, one on ench side of the nerve-cord between gaujilia XI and 
XIL Oviducts short and slendei, disappearing together into the 
eud of a large pyriform albumin gland, from which the short, 
rather stout, usually nearly straight oviduct proceeds to the vagina, 
into which it gradually enlarges. Vagina consists of a long, 
slender, fusiform sac or pouch receiving the oviduct at one end 
and emptying into the vaginal duct at the other, tiie latter being 
much longer and miicli more slender than the former. The duct 
opens to the extenor by a small bulbous bursa, and usually 
extends caudad ventral to the stomach to about ganglion XIV, at 
which point it bends sharply forward on itself at the place of 
union of Ihe duct and sac, this point being marked by a slight 
annular constriction. Both male and female terminal organs are 
situated indifferently to the right or the left of the nerve-cord 
Tw'elvo specimens of various sizes dissected all conform closely to 
the above deaciiption, except for slight differences m proportion, 
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due chiefly to different states o£ maturity and somewhat of con- 
traction. 

This species diverges from the type of Hirudo m several respects, 
especially in the elongation of the genitalia, the tendency of some 
of the teeth to split, the larger size of the accessory gastric c£eca 
and the occasional presence of small papillse on the jaws. In the 
first two it approaches HcBmopis, and in the last two Limnatis and 
Hirudtnaria The reproductive organs ha\e much in common 
witli those of Dmdbdella also But the divergences from these 
genera aie much greater than the resemblances, and its affinities 
with Hvrudo are undoubted. 

Geographical Ihstmhution and Bionomics, — Widely distributed in 
Ceylon, Mysore, Madras, Bengal, Bombay, the Punjab, TJmted 
Provinces, and in South Burma, from which latter it was oiigmally 
desciibed by Blanchard. It seems to affect especially the lower 
levels of the coastal belt and the great river-valleys, especially of 
the Qanges and Indus, but also ranges into tlie hills. Blanchard’s 
types were taken on the Karenni Mts at an altitude of 1200 in , 
and these collections include examples from Perademya, in Central 
Ceylon, at an elevation of 1600 feet, the Nilgins Hills, in the 
centre of Madras Province, between 3000 and 6000 feet above 
sea-level; Bangalore, Mysore, at 3000 feet; and Sialkot, m Western 
Punjab, at above 500 feet. 

It appeiirs to be abundant, and is frequently found m rivers and 
streams, swamps, tanks or ponds, and even m wells, not infre- 
quently associated with species of Hirudmana, It is recorded as 
attacking men and buffaloes, but it doubtless extends its attacks 
to other domestic and wild animals. Two were token from frogs. 
While engaged lu railroad building iii tbe swamp-lands between 
Sonali and Salman in Bihar, in the Punjab, the workmen were 
much troubled by these leeches, which were very abundant there. 
The stomachs of most of the specimens are empty or nearly so, 
but a few are filled with hardened blood and one with a greenish 
coagnlum. Nothing is known of its bleeding habits or egg 
cocoons. (See also Appendix, p. 297.) 

Genus LIMNATIS, Moquin-Tandon. 

Synonymy • 

Bdella^ Savigny, 1820 (1822), p. 112 , not Bdella^ Latreille, 1795 
Arachnid). 

lAmnatis, Moquin-Tandon, 1826, p 122 ; 1846, p 849. 

Pal€eQhdella, Blamville, 1828, t 67, p 663. 

JEtemoyis^ Moquin-Tandon, 1846, p. 317 ; not Meemopisj Savigny, 
1820 (1822) 

lAmnatiB, Blanchard, 1894, p 42, 

Diagnosis — Size of Hirudo but more robust. Colour plain or 
sparsely striped, marginal stnjies yellow or orange. Pifteen 
complete somites, IX to XXIII Head broad and caudal sucker 
equal to body-^\uclth. Sensillje evident and circular. Gonopores 
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XI 6 6/6 6 and XII 6 6/6 6. Eyes as in Exrudo but smaller. Jaws 
prominent with salivary papillro and acute monostichodont teeth, 
vanable in number. Gastiic caeca two pairs in each somite, the 
principal pair large and much branched. Eeproductive organs as 
in ExTudo 

Type-^species, Bdellct mloticci Saviray, 1920 (1822), p. 113, pi. v, 
fig 4 (Egypt). Eor figures see Moqum-Tandon, 1846, pi. n 
(colour and anatomy) 

Two species have been reported from India, as follows — 

A. Dorsum olive or reddish, usually with 

four dark longitudinal stupes, teeth [p. 200. 

about one hundred Limnahs mlotvia^ 

A A Uniform brown or brownish-yellow, no 
dark longitudinal stnpea; teeth fewer 
than fifty Limnatis palvda^^ 

36 liimnatiB nilotica SaYigny. 

Synonymy : 

Bdella nilotica Savigny 1820 (1822), p. 113 
Liinnatis mloticaf Moquin-Tandon, 1826, p 122 , 1846, p. 349, pi. vi. 
Falaobdella mloixca^ Blainville, 1828, t 67, p 863 
Linimtis nilotica^ Blanchard, 18946, p. 43 (full synonymy and de- 
BCiiption). 

Limnatis mloUcaj Annandale, 1920, p. 136 (Afghan-Boluch Desert). 
LunnatuB ntloticaf Kaburnki, 1920, pp 213, 214 (Baluchistan). 
EtemopxB Banqaimga^ Kaburaki, 1921, p. 712 (Pdeatine) 

LimnatiB nilotica, Moore, 1924, pp 374, 876 (Palestine) 

P Limnaiis tax heBtamca, Plotnikoff, 1^7, pp. 142-144 (Turkestan 
and Pei*sia). 

Diagnosis , — “Length 100-160 mm.; width 10-15 mm. Colour 
of dorsum reddish or greenish wjth four black longitudinal stripes 
which are occasionally absent, also occasionally with a median 
greenish or yellowish stripe ; lateral margins of body orange. 
Caudal sucker of noteworthy size The ten pairs of gastnc casca 
lobed, and the last, as in Eirudo, very long” {Bmndes), Sensillse 
are conspicuous and circular. Lip broad and with a deep median 
ventral fissure reaching to the margin. Jaws bearing numerous 
and prominent papillee on which the salivary glands open, and one 
hundred or more acute fine teeth. Type-locdity : Egypt. 

Geographical Distnhiition and —Widely distributed 

and abundant in a broad zone about the shores of the Mediterranean 
and eastward through Palestine, Syria and Persia. Eecorded by 
Annandnle and E^buraki in Afghanistan and Baluchistan j^o 
Indiau examples were seen by me, but it is almost certain to have 
been introduced by bemg earned m the air-passages of men and 
domestic animals, and owing to the seriousness of its attacks the 
determination of its presence is of importance. 

In the Cl rcum -Mediterranean countries this so-called “ horse- 
leech,” which has been confused with Avilastomum, is much feared. 
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It lives in the springs and wells and enters the mouths o£ drinking 
men and other mammals, and takes up its abode in the pharynx 
and laiynx, often causing senons injury or even death. For a full 
account of the species consult Blanchard, 18945, and Mnsterman, 
1908. Also see some remarks under the next species. 


37. Limnatis paluda (Tennent). (Plate YlII, figs 

Synonymy : 

JBCcBrnopaia Tennent, 1869 (1861, p. 484) 

P LtmnobdeUa giandis Blanchard, 1894 (1892, 18 
Sumatra, and Ceylon.) 

? Limnatis turkestanica Plotnikoff, 1907, pp. 142-i* 
and Persia ) 

Diagnosis — Form and size of Hvi'udo msdimuihs. Cephalic and 
caudal suckers both large, the latter sometimes equalling or 
exceeding the body-width. Colour uniform brown or brownish- 
yellow with broad marginal stripes of orange or yellow. YU a 1 
not subdivided ventrally, IX to XXIU inclusive, complete, 
XXIY usually quadr annulate, possibly occasionally qumquannu- 
late. Sensillas small, circular, obscure, especially on the dorsum. 
Jaws smaller than in L mhtica^ bearing numerous small papillsB 
and 30-47 acute monostichodont teeth , stomach with two pairs 
of much lobulated cseca in each somite. Atnum and vagina as m 
typical Hirudo^ but short and remarkably small. Type-locality 
Ceylon. 

Free-living and also parasitic in air-passages of mammals. 

General form and proportions of Sirudinaina 
granulosa, and, according to Tennent, attaining the full size of 
that species, but all of the specimens examined by me are much 
smaller One of the best preserved examples measured as follows, 
length, 44 mm., buccal width, 5'5 mm.; maximum width 
(XYIII), 8 5 mm ; maximum depth, 7 mm.; diameter of caudal 
sucker, 9'5 mm. A more fully extended one is 63 mm. long, 
7 min. in maximum width, 6'6 mm. in maximum depth, and 
9*6 mm m diameter of sucker. The range in length is 24 to 
66 mm. 

Form generally robust with greatest width in caudal third 
(except when the clitellum is well-developed, when it may be 
wider), but tapering relatively little either way ; little depressed, 
most so lu strongly contracted specimens with empty caeca, in 
which the depth may be only one-half the width. When the caeca 
are filled it may be two-thirds, three-fourths, or even equal the 
width, the cross-section being broadly elliptical with rounded 
margins or even nearly circular, but always with a more or less 
evident marginal ridge. 

This is a broad-headed species, with the buccal width commonly 
exceeding one-half the maximum width. Upper lip constituted 
of somites I-IV, with dorsal annulation well-defined, broadly 
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rounded, with creniiliited margin, and venter with a deep median 
fissure for entire lengtii, and usually with one or two pan s of 
shallower longitudinal furrows, but otherwise smooth. Eyes five 
pairs, ananged as usual on annuli 2, 3, 4, 6 and 9 (somites II-VI), 
bub smaller than those of Limnatis mlottea, about as in typical 
ITcemopis and occasionally obscure. Buccal ring usually more or 
less inflated and rather coarsely crenulate, constituted ot the 
second annulus (a 3) of IV and the first (« 1, a 2) of V, or all ot V. 

Ohtellum, seldom well developed, prominent m only one example 
ill this collection, in which it forms a thick zonary layer extending 
over fifteen annuli, X 66 to XIII a 2 inclusive Qonopoies 
strictly mteraunular, the male XI h5/h6, the female XII h5lb6. 
The male pore may be small and hidden in the furrow, but in 
mature examples is a rather couapicuous tiansverse elliptical 
opening, sometimes elevated on a prominent papilla rising from 
the two bounding annuli. In no case is tlie penis protiuded. 
Eemale pore uniformly minute and usually depressed in the f iiirovv. 
Nephropores rather small, seventeen pans, in the usual position 
on the caudal border of 6 2, from VIII to XXIV inclusive. Anus 
usually rather laige and with prominent furrowed lips, cutting 
into somite XXVII or entirely caudad of it Oaudal sucker large 
but not excessively so, about twice width at peristomium, and, on 
extended examples, exceeding body-width, circular with wide Iree 
border. 

Annuli clearly defined ; on strongly contracted specimens h 1 
is often retracted and the remaining annuli grouped in pairs, or 
6 1, 6 2 and a 2 form a group of tliree annuli, alternating 
with 6 5 and 66 forming a group of two, tlms clearly defining 
the somites. Integument everywhere and especially on tlie 
dorsum finely furrowed and divided into more or less quadrate 
areas which are much less conspicuous and elevated than in 
Jhrudinana granulosa. Minute, scatteied sensory papillro occur 
regularly on all segments of the middle region, but no constant 
number can be determined. Sensillis are not readily detected on 
the dorsum, but show clearly on the venter of some of the 
specimens 

The total number of annuli is 102 or 103, dependent upon 
whether XXVII has one or two. Composition of the somites is 
as follows * — I, II nnd III are uniannulate, but quite often the 
furrows are scarcely discernible, especially II/III, in which case 
II and in form one broad annulus bearing the first two pairs of 
eyes. IV is very constantly biannulate, only one doubtfully uni- 
annulate case occurring ; the first annulus is the larger, and bears 
the third pair of eyes on its caudal half; the second annulus 
(a 3) forms the post-oral rim, and unites ventrally with V to form 
the buccal ring, and occasionally is more closely united to the 
latter, which then appears biannulate dorsally. V is biannulate 
on the dorsum, the first annulus being larger than the second and 
with a faint dividing furrow in its median dorsal field {a 1, a 2) 
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>fl 3, the fourth pair of eves being borne on a 2, on tlie \ enter it 
IS usually uniannulate aud closely united with IV a 3, but larely 
a 3 may remain distinct. VI is trianiuilate on the doisiim (usually 
a 2< a 1< rt 3), but a 2 may equal or exceed a 1 and bears the fitth 
pair of eyes; on the venter it is biannulate, al and a2 being 
united. VII 18 typically triannulate both dorsal ly and \entrally 
(a 2 < a 1 < a 3, or rarely « 1 < a 2< a 3) ; ^ 3 is distinctly enlarged, 
but in only one case shows a shallow secondary furrow h5/b 0 , 
fiiirow a 1/a 2 much more shallow on venter, VIII typically 
quadrannulate, a 1 much > or rarely = a 2 slightly > 6 = 6 6 , 
but on the venter all annuli are appioximatelv equal or al some- 
w'hat Jaiger One strongly contracted example has ibe furrow 
hl/b2 faintly developed, especially on the venter, but lypically 
a 1 IS quite entire ; furrow a 2/b5 constantly deeper than a 1/a 2 
and b5lh6 The fifteen somites IX to XXIII, inclusive, aie 
quinquaiinulate, the annuli and furrows of the post-clitellar 
somites being equal, except that the second (62) and fouith (661 
project somewliat above the surface of the others aud are paler, 
thus exhibiting a metamenc prominence that lendeisthe counting 
of the somites easy Preclitellar and chtellar somites, how eier, 
exhibit gradual transition states from the incomplete anterior 
somites. Somite IX of well -preseived specimens has the follow mg 
formula • — 6 l = 62<a2>6 5=6 6 ancl the interaunular furrow s, 
all of which are shallower than the inter-somitic, have the following 
depth -relation 8 • 61/62< 66/6 6<62/a2<a2/6 5 and on the 
venter 61/6 2 becomes more shallow and the annuli 61 imd 6 2 
reduced in size. X and XI exhibit diminishing traces of tlie same 
charactenstica At the caudal end XXIII exhibits a slight reduc- 
tion m size of 6 6 and 6 6, and in depth of the furrow 6 5/6 6, w hich 
m one case (ZEV 4009, Xo. 2) proceeds to virtual suppression, 
leaving the somite quadrannulate (61=-62<a2 slightly < a3). 
XXIV quadrannulate (6 1=6 2 = or < a 2 > a 3) , on the venier 6 1 
and 6 2, and a 2 and a 3 sometimes unite as pnirs separated by a 
deeper furrow XXV triannulate (al>a2=a3 or sometimes 
al = a2=a3). XXVI biannulate (al, di2)>a3, or sometimes 
appearing as a simple broad annulus with faint dorsal furrow's 
dividing it into three. XiVU variable, biannulate or nniannu- 
late,in the former case the second annulus very small and usually 
cut by or following the anus 

Colour very simple. Tennent describes living E. ^paludum 
from Oeylun as a “ uniform browm without _bnnds unless a rufous 
margin may be so considered. It bas daik striae The preserved 
specimens agree with this, being nearly uniform dull brow'n, 
reddish-brown, or faded to brownish-yellow or slaty-grey, the 
dorsum often becoming darker toward the margins and exhibiting 
narrow lighter and darker hues due to the longitudinal muscle- 
bands showing through the integument. The venter may be paler, 
and the margins invariably exhibit a broad orange or yellow 
stripe very sharply defined dorsally but less clearly \entrally. 
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DigesUvt System , — Jaws relatively small, high, compressed, bear- 
ing uuoieroiiB rather small papillae (0*054 mm. diam.), especially 
ou the peripheral portion of the paired 3 awa. Teeth very small, 
acute and monostichodont, often very difficult to discern at all ; 
those counted number from 30 to 47. Stomach and intestine of 
the Limnatu type. G-astric croca two pairs m each somite 
beginning with X, the antenor ones small, the post-gemtal large. 
When empty they appear simple and little lobed, alternately wide 
and narrow, and both pairs reach nearly to the sides of the bodv. 
When distended with blood (PI. 7III, fig 28) their complexly 
lobed character appears , the more anterior pairs all continue to 
extend nearly straight laterad to the body-walls ; farther caudad 
the wide or anterior cseca lose their more lateral lobes and become 
short and compact, while the lateral portions of the narrow cseca 
bend caudad external to the succeeding pair of wide cssca and 
give rise to numerous lateml lobes. This relation continues to 
somite XVIII The second pair of XIX, corresponding to the 
naiTOwer and progressively elongated caeca of preceding somites, 
are yery large and extend on each side of the intestine to 
somite XXVT, beaiiug in each somite groups of lobes similar 
to those of both pairs of cspca combined. Intestine and rectum 
as in L mhitca^ with an anterior globoid, gastric enlargement in 
XX, behind which it becomes a simple tube, slightly constricted 
by the inter segmental muscular septa 

R&prodxictive organs aie remaikably small, and this appears to 
be a characteristic of the species, for it is true of both the male 
and female terminal organs m eight specimens dissected. These 
were taken from April to August inclusive, and seveial, including 
the large one with thickened clitellum, had well-developed testes 
containing functional spermatozoa, so that their maturity is 
evident. The atrium is very constantly between two and five 
millimetrea long and, when least developed, scarcely rises above 
the level of the nerve-cord, but when largest passes to either 
right or left immediately caudad of ganglion XI and stands 
upright. It is strongly clavato, hooked or tobacco-pipe-sliaped, 
consisting of a narrow, cylindrical, upright stem or penis-sac, 
contributing one-half to two-thirds of the total length, and a 
prominent and abruptly enlarged prostafe of ovoid or globoid 
form which projects forward and is more or less hooked !From 
the antero-ventral face of the prostate arise the atrial cornua and 
ducti ejaculatorii, which are noteworthy for their coarseness and 
which bend latero-ventrad and then cephalad to pass into the 
complexly coiled epididymes, which when best developed form a 
pair of globoid masses about equalling the prostate in size and 
lying anterior to it near the median line or sometimes even in 
contact, in which case they cover ganglion XI In no case can 
a distinct ejaculatory bulb be detected. The vas deferens has the 
usual form and position. The testes were completely dissected 
m two. In one there are eight, in the other ten pairs, the last m 
each case being one-half the diameter of the others The first 
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pair IS located at XII/XIII, and the first two pairs are iq contact 
or nearly m contact dorsal to the iierve-coid, the others well 
separated. 

T\\q female organs are of similar size imd lie caudad to ganglion 
XII and, similarly to the atrinm, either ventral to or partly to 
the right or left, most frequently the lattei, of the nerve-coid. 
Vagina fusiform or cylindroid, its length equalling or slightly 
exceeding and its diameter invariably exceeding the corresponding 
penis-sao. It is usually straight, but may be curved toward the 
head and at the apex usually passes giadually, in some cases 
more abruptly, into the common oviduct, which takes a nearly 
straiglit, or somewhat bent course, ventrad on the cephalic face 
of the vagina. The oviduct varies considerably both in length 
and diameter, in the former occasionally equalling the vagina, but 
usually much shorter At its bifurcation into the paired oviducts 
there is a more or less enlarged albumin gland, which is some- 
times not apparent The oviduct timt passes beneath the 
nerve-cord is usually nearly twice as long as the othei, but never 
exceeds the diameter of the spheroidal ovisacs, w^hich are often 
compressed by the distended cmca and occupy the serially 
homologous position of the testes at XI/XII Nephndia are 
unusually conspicuous, and their principal masses are usually 
much compressed cephalo-caiidall\ 

Geographical DistHbufion, Bwnomice^ etc. — Tennent originally 
described this “ cattle-leech *’ from the island of Ceylon as 
follows : — “In size the cattle-leech of Ceylon is somewhat larger 
than the medicinal leech of Europe ; in colour it is of a uniform 
brown without bauds, unless a rufous margin may be so con- 
sidered. It has dark s tries. The body is somewhat rounded, 
flat when swimming, and composed of more than ninety rings. 
The gieatest dimension is a little in advance ot the anal sucker ; 
the body thence tapers to the other extremity, which ends in an 
upper hp pio]ecting considerably beyond the mouth. The eyes, 
ten in number, are disposed as m the common leech The mouth 
18 oval, the biting apparatus with difficulty seen, and the teeth 
not very numerous.” This description agrees fully with the 
specimens above described. 

Blanchard refers a specimen from Ceylon, in the collection of 
the Senckenbeig Museum, his Limnobdella giandts, origmally 
described from Timor. The only respects in which L, grandis is 
described as differing from H, paluda is in the greater elabora- 
tion of somites of the anal region, which may be simply a question 
of individual variation, or more probably of Blanchard’s interpre- 
tation giving greater importance to incipient furrows than does 
mine, and the reputed absence of ]aw papillae in the genus 
Limnobdella. Blanchard does not specifically refer to either the 
papillae or the teeth. Consequently it seems probable that bis 
Ceylon specimen, at least, belongs to Tennent’s species. 

None of the Ceylonese leeches examined by me belong to this 
species, but there are six specimens taken in the Gujrnnwola 
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District 111 the Puiiiab and ten collected m Baluchistan. This 
raises the question ot the geographical and systematic relations of 
tills species aiid L ndotica Concerning tlie latter, the two seem 
to be very clearly distinguished by the teeth, and among those 
studied by me there have been no intermediates Whether the 
individuals reported by Kabnraki and Annandale from Balu- 
chistan, Afghanistan, and within the borders of India were 
correctly identified as L, nilotica is unknown. If so, then the 
ranges of the two species must overlap. Our knowledge of their 
occurrence m India is so meagre that any further data ^vill be of 
much value. It seems probable that hitherto the two or three 
species of cattle- leeches have been confused by veterinarians. 
L, turhestanica, Plotnikoff, from Turkestan and eastern Persia is 
described as having fifty teeth, and consequently as resembling 
this species rather than L. nilotica^ with which all other observers 
have identified the species of that region. The matter evidently 
requires further and careful study. 

None of the labels or accompanying letters gives any informa- 
tion concerning the habits of these leeches Most of them are 
more or less filled with blood, and tlie condition of seieral 
indicates that they were lemoved from hosts. Tennent, how'ever, 
who also may have failed to distinguish this species from Dino- 
hdella feross, makes the following interesting comments (1861, 
pp 484, 485) : — “ There is another pest m the low country which 
IS a source of considerable annoyance, and often of loss, to the 
husbandman. This is the cattle-Teeeh which infests the stagnant 
ponds, chiefly in the alluvial lands around the bnse of the 
mountain zone, whithei the cattle lesort by day and the wild 
animals by night, to quench their thirst and to bathe. Lurking 
amongst the rank vegetation that fringes these deep pools and 
hid by the broad leaves or concealed among the stems and roots 
covered by the water, there are quantities of these pests in wait 
to attack the animals on their approach to drink. Tlieir natural 
food consists of the juices of luinbrici and other invei fcebrates ; 
but they generally avail themselves of the opportunity afforded 
by the dipping of the muzzles of the animals in the water to 
fasten themselves on their nostrils, and by degrees to make their 
way to the deeper recesses of the nasal passages and the mucous 
membranes of the throat and gullet. As many as a dozen have 
been found attached to the epiglottis and pharynx of a bullock, 
producing such irritation and submucous effusion that death has 
eventually ensued; and so tenacious are the leeches that even 
after death they retain their hold for several hours Even men, 
when stooping to dnnk at a pool, are not safe from the assault of 
the cattle-leeches They cannot penetrate the human skm, but 
the delicate membrane of the mucous passages is easily ruptured 
by their serrated ]aws Instances have come to my knowledge 
of Europeans into whose nostrils they have gained admission and 
caused serious disturbance.” 
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Genus HIRUDIN AEIA, Whitmun 

Synonymy ; 

Hti udinai la^ Whitman, 1886, p 373 
FcBcilohdellaj Blanchaid, 1893, p 28 (suh^yenus of Lwvnatis) 
Limymii^ (eubgenus Fcecilobdeua)^ Blanchaid, 1897, pp. 337, 338, 
not LimnatUf Moqum-Tandon, 1820, p, 122 (aa ongmally 
limited). 

Diagnosis. — Size medium to very large. Form generally robust, 
widest near middle and tapered little to the ends. Colour 
variable, green, brown, or reddish, with a very precise pattern of 
black stripes and metamenc spots, which becomes broken and 
dissipated with age. Complete somites IX to XXTTT5= fifteen. 
Broad-headed. Byes large, five pairs, arranged as m EXrudo. 
Gonopores separated by five or seven annuli, the male at XI 
b5/bi5y the female at XI] 5 5/6 6 or XIII 61/6 2. Integuments 
rough and areolated or verrucose, especially at the ends Sensillse 
unusually large, linear, elevated on elliptical papillae and trans- 
verse or oblique to body-axis. Jaws large, with numerous 
prominent salivary papillse and more than one hundred acute 
monostichodont teeth. Gastric cssca nearly as in Limnatis; two 
pairs per somite, unequal, spacious and sometimes much lobulated. 
Atrium of Strudo type, more or less pynform, but differing 
mucfi in length and proportions; ejaculatory bulb present. 
Vagma very distinctive because the sac or pouch forms a spacious 
caecum which opens by a separate duct, but along with the 
common oviduct, either into the female bursa or into a vagmal 
stalk differing in length in the several species. Strictly sangui- 
vorous so far as known. 

Type-speoies, Sanguisuga javamca Wahlberg, 1866. Java. 


Key to Indian Sjpedes of Hirudinana. 


A, No vaginal stalk, both duct of vaginal 
caecum and common oviduct opeuiug 
directly into the buraa , ejaculatory 
bulb large , teeth very numeroua, form- 
ing a long senes fading into many very 
small ones. {Hiimdiiuinaf sen. str ) 

1, Gonopores separated by seven aunuh, 
the female situated at XIII 61/6 2; 
caudal sucker equalhng width of 
body , colour very showy gi-een and 
led, teeth about 140 (116-164) 

2 Gonopores sepaiated by five annuli, 
the female at XII 6 6/6 6, caudal 
sucker distinctly less than (about 
two-fcbirds) body- width, colour els 
in 3, but tending more to blown, 
often green on venter , teeth about 
160 (140-100) 


[p. 210 

JBCii'udiiiana javanica, 


[p. 218. 

Hirudivxiria maniLlemis, 
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AA. Vaginal stalk well developed, equalling 
01 exceeding m lengtli the vaginal 
ceecum, the duct of winch it receives 
at its euminit along with the common 
oviduct , ejaculatory bulb small , teeth 
less nmneious, the senes lacking the 
large number of very small ones (Sub^ 
genus PcRcthbdeUa, Blanchard, 1898.) 

8. Gonoporea, caudal sucker and colour 
as in 2, except that there is less 
brown on dorsum and the ventei is 
rarely gieen, vaginal stalk approxi- 
mately equal in length to both duct 

and sac of ceecum, teeth about ICO [p 226 

(86-128) . Stnidinana ff7'a7mlo8af 

4 Like 8 externally, except that the 
colour IS a brighter green and tlie 
pattern disintegrates much earlier 
in hfe; va^nal stalk appi oximately 
twice length of ceecum, and penis-aac 

correspondmgly elongated , teeth [p. 289. 

about 100 (90-106) , , I£i7'udina7ia vindiSj 

Some explanation of the nomenclature adopted in the preceding 
table seems necessary. Hitherto there have been recognized as 
belonging to this group only the two species, M. javamca and 
g^'anulosa, which Blanchard and his followers have referred 
to the subgenus Pcsctlobdella of Lim^iatis, making If, granulosa 
the type. Whitman long ago (1886) made the first the type of 
his genus Hirudinaina, and the soundness of tliat view has been 
supported by the present writer (1901, 1924). No one has 
questioned the specific distinctness or the homogeneity of 
H javamca^ and J3‘. granulosa has generally been considered an 
inclusive species embracing in its synonymy all of the many 
related nominal species that have been described from the con- 
tinent of Asia and the Indo-Malayan and neighbouring islands. 
So long as attention was confined to external characteristics only, 
this seemed fully justified, especially as Blanchard (1897) had 
studied such of the types as still exist in European museums 
Detailed study by the writer of the extenors of a large and varied 
collection has failed to a.fford any basis forfurthei specific analysis, 
and appeared to confirm Blanchard's conclusion. ^ 

Dissection of the reproductive organs, however, makes it very 
clear that the Indian Limnatis granidosa (Savigny) is a composite 
of thiee species, and that all of them are sharply distinguished 
from the true LimyiaUs by the cajcate form of the vagina and 
other minor charactenstics which they possess in common with 
H javamca. In all, more than nine hundred specimens were 
studied, and of nearly every lot one or more representatives were 
dissected, in the case of the larger lots a selection of several of 
different ages being made Thus a total of one hundred and 
eight dissections of the reproductiye organs were made. These fall 
into the three specific types as follows: fifty-eight H.gianulosa 
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forty -ET. mumllenats^ and ten H, mh'xdis^ as here understood. The 
results were perfectly consistent Except in a very few young 
individuals wnth quite undeveloped reproductive organs, there is 
never the slightest doubt as to which group they belong There 
are no intermediates, and in everv case m winch several of the 
same lot weie dissected all aie ot the same type, irrespective ot 
the stage of maturity. As shown m the Key, these fall into two 
groups, coi related with other characters and corresponding to 
the two aubgenera, E%rud%naTia in the strict sense, and 
Pcecxlohdella , 

While a careful study of the external morphology and varia- 
tions of preserved material affords no basis for diagnostic 
separation, it does indicate the probability of statistical separa- 
tion correlated with the differences in internal anatomy. There 
18 every probability of a differential coefficient of vanabihty ot 
certain features of annnlation and colour-pattern. It is also 
probable, if careful comparison of living or fresldy preserved 
material prepared according to a uniform standard were made, 
that coiistaut external differences would be detected, now that 
the lines of specific cleavage are known 

When the lots came to be plotted geographically, it was found 
that their distribution coi responded with remarkable fidelity with 
the two prmcipal species, S. mamllensis being a coastwise and 
lowland species, and grcmuhsa an interior species of somewhat 
higher altitudes. B, vinditt is represented by only four lots, and 
consequently has no significance m this respect. 

There can be no doubt, therefore, that we have to do with 
three related species sharply differentiated internally but nearly 
or quite indistinguishable externally. Eut the selection of the 
coirect names to apply to two of these is much more difficult. 
There is no reason whatever to believe that any existing names 
apply to B, viridis^ w^hich quite certainly is a new species ; nor 
IS there any reasonable doubt that the lowland species of India is 
specifically identical with B mamllensis , nor that most, if not all, 
of the names subsequently proposed apply to this same coastwise 
species. The real question concerns the application of SavigDv’s 
Hvi'vdo granulosa. Unfoitunately there appear to be no existent 
types, but Blanchard examined some specimens from the ty^ie- 
locality of Pondicherry. He gives no description of the anatomy 
of these, and up till now I have been unable to secure any 
examples of the medicinal leech of Pondicherry. I have, however,, 
examined five lots fioui Madras State belonging to the Indian 
Museum and the Madras Museum, one of them being from the 
city of Madras, about one hundred miles from Pondicherry. 
These were expected to belong to the lowland species, but without 
exception, proved to be the upland form The very region from 
which Savigny’e types came is the one point at v hich the upland 
form appioaches the coast. This, taken with the fact that leeches 
were brought from the interior to the coast towns for medicinal 
purposes, makes the chances at least equal that Savigny had 

p 



210 


HIRITDIDJS. 


fipecitnens of the upland species in hand. Consequently, in the 
absence of direct evidence to the contrary, his name is apphed to 
the latter. Should the weight of evidence in the future turn the 
other way, this name will displace H. mamllmsis^ and a new name 
will need to be furnished for the inland species ♦, 


38. Hirudmaria javanica (Wahlberg) (Plate III, fig. 1 ; VIII, 
figs. 29, 30 ) 

Synonymy ‘ 

Sangmmga javamca Wahlberg, 1866, pp 2SS-284 (Java ) 
S%i'ud%na/i'm javanica, Whitman, 188(5, pp 878-376, pi xx, fig 66 
(caudal annulation), xxi, fig 60 (mw) 

Limnatis [PoBoifohdella) javanica, Blanchard, 1897, pp, 349-861, 
text-fig. 7. (Burma ) 

Sti'udMiaria jamnica, Brandes, in Leuckart, 1901, pp, 880-881. 
LimiaUsjavamca, Kaburaki, 1921, pp. 711, 712. 

JEOirudmaria javamca, Moore, 19^, p, 877, pi. xiz, figs 10, 1* 
(exterior). (Assam.) 


Biagnom , — Attaining a very large size, up to 176 mm. orhnore, 
in life. Eorm relatively more slender and flattened than injotber 



Pig. 60. — HtrudviuiTia, javamca. Outline of male atrium with epididymes 

displaced, from ngnfc side X 6^ . 6 i terminal bursa. Other lettering 

as m preceding figures 


epecies of the genus. Colour in life exceptionally striking, the 
dorsum being olive-green varying to grass-green or ohve-brown, 
with generic pattern of dark stripes and metameric spots, the 
margins yellow or orange and the venter, with the exception of 
the suckers, which are bluish, bright brick-red or occasionally 
green. (3-onopores normally separated by seven annuh, the male 


* Since this was wi'itten, through the kindness of Mr 0 0 A Monro, 
I have been able to examine seven lots of Strudmana from Madras State 
in the ooUeotion of the British Museum Of these, two lots (No 37, Oochin, 
and No. ?, Nilgiris) belong to the upland speoies, and five lota (Nos 38 and ?, 
Madras Bist., Nos 41 and 4*2, Mysore Dist , and No 62, Ohingleput) to the 
coastwise speoies It is obvious that this finding increases the possibility that 
Savigny’s types belonged to the latter and that the inland species is wiwout a 
proper name 
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nt XI h bjh 6, the female at XIII h 1/6 2. Sensillaa unusually 
large and piomineut, elongated and oblique or transverse to the 
axis of tne body. Integument areokted, especially towaid the 
ends. Caudal sucker very large, often equal to the maximum 
body- width. Jaws very large, bearing numerous large salivary 
papillae and usually many more than one hundred (about 140) 
acute teeth. Atrium very short, with relatively wide penis-sac ; 
vagina also short, without stalk, the cascum and common oviduct 
opening together into the bursa. Type-locality, Samarang, Java. 



Pig. 61 . — HmidinarLa javamoa, Female organs from right side 
Lettering aa m preceding figures 

Description, — Size up to very large, hvmg specimens reported 
from Java by Dr. Sluiter reaching a length of 175 mm. Probably 
it reaches an even larger size in India, as a preserved specimen in 
the Indian Museum collection has the following measurements : 
length, 170 mm. ; length from tip of lip to male pore, 38 mm. ; 
width at buccal ring, 8 2 mm, ; width at male pore, 13*6 mm, ; 
maximum width (XVII), 19 mm. , depth at male pore, 8 6 
mm. ; depth at XVII, 11 mm. ; diameter of caudal sucker (much 
contracted), 12 mm Q-euerally much smaller than this, avei aging 
below the average of S, granulosa. The smallest are about 20 x 
2 mm., and one of average size measures as follows . length, 
61 mm, ; length to male pore, 12-2 mm ; buccal width, 4 mm. ; 
width at male pore, 4*8 mm. , maximum width (XVIII), 6*2 mm. , 
depth at buccal ring, 4 mm.; at male pore, 3 2 mm. , at XVIII, 
4 5 mm. ; diameter of caudal sucker, 6 mm. 

Form generally less robust and more elongated, more slender 
und flattened than related species ; greatest width not far caudad 
of middle, from which it tapers but little and nearly equally both 
ways. Buccal and pharyngeal region subterete, the remainder of 
the body depressed, with rather sharp margins when empty ; 
deep and rounded when filled with blood. Small individuals are 
nearly uniform in width and more depressed than the larger 
ones. Many individuals bear a striking general resemblance to 
Ecemadvpsa, 

Cephalic region bioad, with large lip and spacious oral chamber, 
but without a distinct imseginentecl margin , the lip in nearly 
every case pi ejecting as a triangular point, its dorsal face rough 
aud areolated, ventrally with a deep, narrow, median fissure ex- 
tending from its anterior margin to the triangular smus in the 
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velum anteiior to tlie median dorsal ]a\v, and on each side of this 
usually three shallow longitudiual furrows ending in the marginal 
notches of the first three intersegmental furiows Eyes five pairs^ 
large and conspicuous, especially the fi.rst pair, arranged as usual 
in an arch on annuli 2, 3, 4, 6 and 9 (sensory zones or annuli of 
somites n to VI), the first two directed mainly forwards, the third 
latero-caudad, the fourth chiefly and the fifth entirely caudad. 
The first belong to the pai amedian, the others to the intermediate 
series. Buccal ring formed of somite V, the a 2/a 3 furrou of 
which usually extends on to the venter, becoming obsolete only 
in the median field Post-buccal formed of VI a 1 and a 2, which 
unite ventrallv much as do the two annuli of V. 

Qhtellum not indicated externally in even the largest and most 
mature of these specimens, but internally, among and within tho 
longitudinal muscles, and extending over the usual annuli (XZ>5~ 
XTTI a 2), IS a thick and loose layer of glands, a diffuse extension 
of which partly covers and conceals the atnum. Gonopores- 
separated typic^ly by seven annuli, the male in the usual family 
position at XI 6 6/6 6, the female m the fuiTow XTTT 61/52. In 
one specimen the female pore is shifted forward to XII/XIH, 
only SIX annuli caudad of the male pore, and in another the male- 
pore IS at XI a 2jh 5 and the female at XIII 6 2/a 2, nine full 
annuli consequently intervening. Among minor variations either 
gouopore may open slightly within the borders of either the pre- 
ceding or the succeeding annulus, in one case the female pore 
being advanced halfway across 6 1. Usually both pores are small, 
the male rounded, the female slit-like, but m some cases the male 
pore 18 larger and occupied by a flat disk. Nephropores seven- 
teen pairs, on Vni to XXIII inclusive, the first on VIII a 1, the 
others on 6 2 slightly anterioi to the furrow, usually conspicuous 
and open. Anus at base of sucker, behind or cutting into last 
annulus of XXVII, margins deeply furrowed Caudal sucker 
large, much exposed caudally, slightly wider than long, reaching 
forward to the anterior part of XXIII and often exceeding the 
body in width Margins thin, and peduncle rather narrow 
Dorsal surface rough, divided into small quadrate or polygonal 
areas each usually nsing as a wart-like elevation, and bearing 
eight dorsal senes of three to six sensillffi and a few of the ventral 
series. Ventral surface with rather irregular ladiatmg ribs, about 
forty in number. 

Annuli cleaily differentiated throughout by deep, well-marked 
furrows and divided by longitudinal wrinkles into irregularly 
quadrate areas, each beaiing a small papilla and sense-organ On 
middle somites these number from twenty to twenty-foui on the 
dorsal and as many on the ventral surface. An average example 
of their distribution in the inter-sensillar fields of a mid-body 
segment is as follows A^l, B-4, 0-2, D-1, E-l, F-2, G-1 and 
H-5, which, added to the fourteen bearing the seusillee, makes a 
total of forty-two In on© specimen the number is doubled in 
each case. Commonly, but not invariably, a faint tertiary furrow 
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extends transversely across each annulus, dividing these areas into 
anterior and posterior halves. The result is a tessellated snrfnci 
resembling that of H.%rvdjinaria granulosa and Hcsmadvj^sa but less 
rough There is, however, much individual variation in the 
degree of roughness 

Se^isiilce are exceptionally well developed in this species, and 
while they differ but little ni arrangement from the plan typical 
of the family, their large size and peculiar form render tliein un- 
usually favourable for study, inasmuch as they cannot be confused 
with the non-metamevic sensory papillea which occur on every 
annulus. Except on a few of the cephalic somites the sensill© 
proper are short, raised, white lines, elevated on low, rounded, 
elliptical, smooth and greyish papillse. These are so large on the 
dorsum that, witli the exception of the paramedian field, the spaces 



Pig 52 — HmbdiJiaria jamnica Oaudal eud showing anmilation and Benflillro. 

Modified from Wliituian X 9 

separatmg them do not much exceed their length. The para- 
medians are inclined to the median axis of the body at an angle of 
about 30°, the intermediates at about 45°, and the supramargmals 
and marginals are directed nearly tranaveisely 

'['hroughout the greater part of the length, from YI to XXIV 
inclusive, there is a full set of four pairs of dorsal and three pairs 
ot ventral sensillaa, but on somites I to IV and XXV to XXVII 
the dorsal only are apparent. The presence of ventral sensillss on 
V IS uncertain and variable. Somite I bears very small para- 
median and interinediate aensillte , II, in addition to the para- 
median eyes, has intermediate and siipra-marginal sensillse; IV 
and V have marginal seiisillsa in addition to those on III. At the 
caudal end XXV and XXVI hear the full dorsal set of foui' pairs, 
and XXVJI iisuallv the paramedian and intermediate only, but 
not infrequently one or both of the others. As Whitman states, 
the caudal sucker is iiuusually richly supplied with sensillse, which 
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are disposed m correspondence Tvitli the irregular rings of areas 
representing the somites. In the paramedian and intermediate 
senes occasional specimens possess the full number of seven, but 
SIX, five, or foui are moie fiequent , the numbei diminishes laterad 
and ventrad, the maiginals being seldom inoie than three and the 
veiitials only one or two. A^eutral sensillss on the body are much 
smaller than the dorsal, not eleNated on papillra, and the linear 
form IS leas evident, but they remain conspicuous. 

Somites are annulated as follows • — I is the preocular lobe 
bearing labial sense-organs II is uiiiannulate and bears the first 
pair ot laige, forw ardly -looking eyes belonging to the paramedian 
aeries and two or three small papillee. Ill is unianimlate, and 
bears the second pan of eyes, the paramedian and supra-marginal 
seusillsa and about twelve small sensory papilJce, These three 
somites are fiequently only obscurely separated. IV biannulnte, 
(a 1 a 2) slightly > a 3, each annulus bearing about eighteen clearly 
defined and lather prominent papillee, and the first in addition the 
third pair of eyes and the paramedian and supra- marginal aensillsB, 
while a 3 ends m a pair of sninll lateral buccal lobes and partly 
unites with Y V biannulate dorsally, with the sensillse and touith 
pail of eyes on the caudal part of the first annulus, and a full set 
of papillffi on each annulus, Tlie furrow gradually fades out and 
disappears in the middle ventral field, wliere the two series of 
papillsB unite into one on the buccal ring , sometimes with a faint 
a 1/a 2 furrow in the middle dorsal field. VI triannulate (al=a2 
slightly < a 3), a 1 and a 2 united on venter as post-buccal ring, 
the furrow extending well down the sides. Vifth pair of eyes and 
a full set of both dorsal and vential sensilIsB of typical form on a 2 
VII triannulate, similar to VI, but the furiows equally developed 
all round and a 3 distinotiy larger and on some specimens with a 
supplementary row of papillae on the venter close to the anterior 
bolder and occasionally separated from the principal series by a 
faint furiow. VIII quadrannulafce (al>a2>or=!65 = 6 6), al 
occasionally showing faint tiace of secondary furrow on dorsum 
or even on venter, where there is frequently a supplementary row 
of papillae; first pair of nephropores on al. IX to XXIIl qiiin- 
quanuulate, approximately dl=b2 = a2=b 5=b 6 on all but IX, 
on which b 1 and b 2 are slightly smaller. XXIV is quadrannulate, 
with usually 6 I==52=a2=a3, but sometimes a2>a3, and 
more frequently a 3 exhibits a faint secondary furrow separating 
two rows of papillae, seventeenth pair of nephropores on b2. 
XXV triannulate (a 1 much > a 2=a 3 or more rarely=or than 
a 3); al may present the same conditions as XXIY a 3. XXVI 
biannulate (al, a 2) much > a 3); the first may be twice as large 
as the second, and bears the senaillae on its caudal half, sometimes 
showing a faint furrow anterior to them. The furrow a 2/a 3 
often fades out at the margins. XXVII is usually biannulate, 
similar to but smaller than XXVI, but may be reduced to a single 
annulus. Anus sometimes followed by one or two small annuli, 
or more frequently it divides the last one 
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Colour , — The colour of living specimens from the north coast 
of Java IS thus described by Dr Slmter as quoted by Whitman 
C86, pp. 374, 375) 

“ Ground-colour of the dorsal side dull olive-green, sometimes 
inclining more to grass-green, at other times more to brovmsh 
shades. In the median line ot‘ this side theie is a series of elon- 
gated black spots, from twenty to twenty-five in number, which 
never blend into a continuous stripe. Toward the head these 
spots are smaller and often more rounded, while in the middle 
and posteiior region they are more elongated, stretching over 
three annuli. This series ot black spots lies in a broad stripe of a 
lighter colour than the ground-colour, uhich is nai rowed at each 
of the intervals left between the black spots On each side of 
this broad stripe are two narrow, longitudinal yellowish stripes, 
each of which is bounded by tw'o narrow black borders. These 
lateral stripes are interrupted from point to point, so tliat they 
do not form unbroken stripes The entiie dorsal surface is decked 
with black, and these flecks are moie numeions and larger along 
the yellow margins. The dorsal side of the margin is a clear 
yellow, while the ventral side is ^edcllsh-yellow^ Often the yellow' 
margins are veiy regularly dotted with black, a single dot 
occurring on each ring. A few irregular larger black flecks are 
also seen scattered along these margins. 

“ Tfie ground-colour of the ventral aide is brick-red ; just inside 
the yellow inai’gins ot this side are two broad stripes of the same 
dull green as the ground-colour ot the dorsal surface ; these stripes 
are sharply defined against the bnck-red middle zone by an admix- 
ture of black flecks, which for the most part blend together The 
two auctoual surfaces are bluish -grey, the oral surface being a 
little lighter than the posterior sucker. The oral surface has a 
pale margin, which is nob seen in the acetabulum.” 

A colour variety differs as follows — “ The dorsal surface is less 
vanegated in colour, without the lateral stripes, and darker green. 
The black flecks and stripes are the same. The ventral surface is 
not bnck-red, but of the same green colour as the dorsal side, 
without the black flecks. The dark stripes inside the yellow 
margins are broader and have a larger admixture of black. Large 
and small individuals of both varieties were found.” 

On preserved specimens the bright greens and reds of the living 
animals have been lost and the ground-colours are dull and faded, 
but the pattern has become thereby accentuated. It is most 
sharply defined on the smaller indnnduals up to about 70 mm. 
long Tliese have the dorsal ground drab-grey or dark clay-colour 
or distinctly yellow, or, on one, rich sienna- brown, with the median 
dark-brown broken stripe consisting of a series of dashes or 
streaks from about somite YIII to XAY or XXYI, each streak on 
complete somites extending over the three annuli {h 2, a 2 and h 5), 
but sometimes more restricted toward the ends of the body. 
The width of this stripe vanes considerably, being, on some 
specimens, a mere line, on others, quite broad (nearly the width 
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between pararaedian sensillae), occnsionaUj continuous, and rarely 
absent. The gaj)3 in the median stripe are bridged by sharply 
defined dark-brown paramedian spots ou & 6 and h 1 that is, inter- 
seginentally. When best developed the effect is of a chain having 
alternately longer segmental and shorter intersegmeQtal links. 
The supra- marginal siiots are snbquadrate or sometimes nearly 
crescentic, and occur regularly on the second (&2) and fourth 
(h 5) auimli of each somite. On some specimens they are united 
by u narrow dark line aichmg acioss a 2 mediad of the marginal 
sensiUse, and more rarely there is a small supplementary spot on 
11 On the mcoinplete somites at the caudal end these spots 
occupy the caudal half of al and the cephalic half of a 3. Two 
pairs of narrow, clear yellowish stripes, one in the outer para- 
median field and the other, including the intermediate sensillse, 
are bordered on each aide by a narrow wavy black or dark brown 
line, so that there are four of the latter on each side betw een the 
median stripe and the supra-marginal spots. Occasionally these 
appear as two pairs of cham-like stripes. On some specimens the 
anniih 6 2 and 6 5, especially of posterior somites, are distinctly 
daiker, and give the effect, with the paler contrasting sensory 
annulus included between them, of a cross-barred pattern. The 
caudal sucker is often darkly-blotched, and has four or three pairs 
of ladiating paler lines. Veuter plain dull yellow or orange, 
in\ariably clear and unspotted, with broad sharply-defined, dusky 
or black, submargmal stupes ; marginal stripes clear yellow, 
nairow and very sharply defined ’ 

With increase in size ot* the leeches the ground-colour becomes 
browner and often more speckled with, minute flecks of black, the 
paired pale stripes lend to become obscure and their black maigiiis 
much interrupted and broken. In the largest specimens only 
traces of these remain, but the supra-marginal spots and the 
median stripe are invariably well pieserved. 

Digestive system genet ally like that of LimnaUs, but somewhat 
■approaching the hasmopine type. Jaws very large, high and 
piominent, with strongly convex, compressed, dentinal margin, 
and a projecting angle at the central end of the base, the body 
thicker than the narrowly compiesaed supporting foot. Sahvary 
papilles large (0T2 mm diain.), fungifoiin, arranged in about 
three or four longitudinal rows of four to six each. Teeth 1 16 to 
154, straight, conical, radial, the largest (0*035 mm. long) at the 
central end and gradually diminishing in lengt-h peripherally until 
they disappear. Buccal sinus spacious, with deep recesses into 
which the jaws are retracted 

Pharynx short and broadly ellipsoidal or tusiforni, extending 
through VIII and pare of IX, Mucous lining raised into six low, 
rather broad and flat ridges meeting in pairs anteriorly to form 
three which pass into the jaw pedicels , separated from the very 
short, thin-walled oesophagus by an annular fold or valve 
Stomach extending from IX to XIX, very thin-walled, saccate 
rather than emcate, the constrictions at the septa being slight 
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Aud each pouch or chamber divided laterally luto short, bioad, 
simple lobes The second pair ot XIX prolonged as a pair of 
long, spacious, simple tubular cfflca which extend into somite 
XX V and lack lateral sacculations. Intestine a perfectly simple 
straight tube without lateral poncliea The conditions described 
Appear in examples in which the stomach is nearly empty and in 
otlieis fully distended with blood, except that in the latter the 
cffica are longer and more distinct. 

Oigam of reproduction (figs, 60, 51) of quite distinctive form and 
equally well developed in those with full and empty caeca. Testes, 
in the one specimen m which they were fully dissected, ]2 pairs, 
in the usual position at the extreme caudal end of somites XIII 
to XXIV, globoid and rather small, those in XVII and XYIH 
especially so in the one dissected Vas deferens a smoother duct, 
much leas coveied with a glandular investment than usual, 
becoming lery slender as it approaches the epididymis, which it 
usually enters at about the middle and from the lateral side. 
Epididymir) varying troin a small knot consisting of a few coils of 
the tube to a more complex but unfolded mass two or three tunes 
as large, and usually lying dorso-caudad of the e-jaculatory duct. 
Instead of being crowded to the body-floor by the distended gastric 
eseca as in most leeches, they are widely separated and crowded 
laterad, and often rise ou each side of the stomach to a position 
more dorsal than usual I’he position of the epididymes causes 
the enlarged, fusiform bulbs ot the ducti ejaculatoni to flare 
widely m a seini-ereet posture, the aiiteiior end reaching forward 
to ganglion XI and giving rise to a short, narrow duct that eutei s 
the ventral face of tlie prostate Atrium small and usually laigely 
concealed in a loose mass ot unicellular glands, part of which are 
the ventral clitellar glands. In most specimens it lies to the right 
of the nerve-cord and is bent foiw aid in a procumbent posture 
iieaily to ganglion XI. It is not cleaily diiferentiated into penis- 
sac and prostate, but consists of a short, wide stalk and bursa 
opening to the exterior, and a globular or ellipsoidal, pioatate 
portion which receives the e 3 aculatory ducts on its ventral face 
near the anterior end. 

Ovisacs he in the usual position on the floor of the body in the 
caudal end of somite XII or at XII/XUI, on each aide of the 
nerve-cord but close to the median line Oviducts short and 
rather wide, the left in two cases and the right in two cases 
passing beneath the nerve-cord. There is little indication of an 
enliirged albuiiun gland at the point of union, and the wider 
common oviduct passes with a few flexures along the ventral face 
of the vaginal dutt and opens in commou with and anterior to it 
in a very small bursa. Vagina consists of a short wide duct 
directed forward on either the left or light side of the nerve-cord, 
and a more or less massive saccular poition w^bich usually bends 
sharply caudad on the dorsal side of the stalk and may reach to 
the end of XIII 

Geographical BisUnbution and Bionomios , — Originally described 
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seventy years ago from Java by Waljlberg (1856), and later 
reported from the same island by Whitman (1886) Blancbaid 
(1897, p. 349) records the known distribution as Java, Borneo^ 
Siimuti a, Bengal and Biirnia. Ifrom the sixty examples examined 
by me it becomes possible to extend the range northward to 
Manipur, Assam, and the Mainman District on the Chinese 
fiontiei, where it is evidently abundant. No examples are in- 
cluded from Ceylon or Lower Burma, and none are known fioin 
the Philippines, Siam or the Malay Peninsula, though the species 
may be expected to occur at these places and throughout rlie 
plains areas of India. The known vertical range is from sea-level 
in Java etc. to 2600 ft in Sikmai Turail, Assam. 

Concerning this species as occurring in Java, Dr. Sluiter, ns 
reported by Whitman (1886), \^ rites as follows “Both vaiieties 
are very abundant in the Sawahs (rice -fields) around Batavia and 
elsewhere on the north coast of Java. The Malayan name is 
Lintah Both varieties are used for medical purposes.” In India 
it is repoi-ted most frequently from cattle tanks, buffalo wallows 
and similar places, and lives largely at the edge of the water, 
which it sometimes leaves. As many of these pools dry up during 
the dry season, this leech, hke others under like conditions, 
probably spends a period of semi-dormancy deep in the dried mud. 
It attacks domestic animals and Man, whose skiii is easily cut by 
its powerful serrated jaws. There is no evidence that this species 
enters the nares or mouth of its victims, and it is not reported as 
used in India for blood-letting, although it is probable that it 
would not be rejected The egg-capsules aie unknown, and 
nothing relating to its breeding habits has been reported. 


39. Himdinana manillensis (Lesson). (Plate III, fig. 2.) 

Synonymy : 

JELn'udo manillensts Lesson, 1842, p 8. (Philippine Islands.) 

JSirudo mnguuorba Tennent, 1869 (1861, pp 483, 484), text-fig, 
(Oeylon.) 

Mvt'itdo multistnata Schmarda, 1861, p. 3, text-fig (of jaw) and 
Taf XVI, fig 14 (colom’ed) (Oeylon.) 

Hii'vdo htzonicd Kinberg, 1866, p 366, (Manila.) 

Mvt'vdo mncidosa Grube, 1868, pp 89, 40, Taf iv, fig. 6 (extenor 
and colour-pattern). (Singapore ) 

Sii'udo maculata Baird, 1869, p 816. (Siam ) 

Livrmatis {Poecilohddla) giamilosa (Savigny), Blanchard, 1893, p 28. 

Lvtnnatis (F<Bc%lobdella) granulosa (Savigny), Blanchard, 1897, 
pp 888-349, text-figs 3-0 (annulation and colour-patterns). 
^Tirougliout India, China, Siam, MaJay Islands, Phihppmes, 
Celebes, etc., and mtroduced in West Indies etc =Jff. granulosa 
et mamlletisis) 

Limnatis maculosa (Qrube) et gianuhsa (Savigny) (in part), Brandes, 
m Leuckait, 1901, pp. 878-879 

Limnatis giamdosa (Savigny), Eoberlson, 1909, pp, 676-679. 
(Habits in Ceylon ) 
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Hii'udo hoyntmx^ Wharton, 1913, p. 869-371. (Pliilippine Islands ) 
6oy«]^07^^ Wharton, Boynton, 1918, pp 609-621. (Onmerof 
iindeipeat ) 

Lunnatu maculosa (Qrube), De Qual, 1917, p. 9 (Siam ) 

Limnatis {Fcccilohdella) giamihsa (Savigny), Kahumki, 1921, 
pp 678-676 

Lxmnaiis giamdosa (Savigny), Kabui’aJn, 1921, p 711 (in part) 
Limnatis {ToccUobdella) mamllmms (Lesson), Moore, 1924, p 376 
(Philippines, Java, Ceylon, Siam and Southeiu India.) 

Biagnosisg — In general resembling Il\i'udAnar%a javamca inter- 
nally and H, granulosa externally. Size, form, annulatioii, 
sculpture, colour and colour-pattern, and other external charac- 
teristics like U, gxanidosa*^ the ground-colour more inclined to 
brown dorsally and more to green ventrally than ni that species, 
the black pattein earlier and more completely disintegrated Jaws 
all alike with proinment papillae of two sizes Teeth veiy 
numerous, about 150, about half of them very small and the 
series tapering to the vanishing point Male reproductive oigans 
with very large epididyines in a simple mass, and YQvy large 
fusiform ejaculatory bulbs, atrium short, pyiiform, completely 
covered wath a layer of loose glands Pemale organs without 
stalk, the common oviduct and the vaginal duct opening together 
directly into the female bursa 

Type-localit} , Luzon, Philippine Islands. 

Besc'ivpHon , — A large, robust species, exceeding E javamca lu 
bulk if not in length, but probably not equalling the maximum 
size of E granulosa. One of the largest examples in a state of 
moderate contraction measures * length, 103 mm ; length to male 
pore, 21 mm , width at buccal ring, 9 5 mm. , at male pore, 14 5 
mm. , maximum width (middle), 26 mni , depth at buccal ring, 
8 mm. ; at male pore, 8 mm , at middle, 10 mm. ; caudal sucker, 
14 mm. Tina apecmien is relati>e]y broader and flatter than usual, 
the depth commonly being about tw o-thirds width. A smaller and 
better preseiwed specimen has the corresponding measurements. 
66,16, 6 5, 6*3, 8-6, 3 5, 3*3, 3 6 and6’ox6inm respectively. 
The largest specimen in the collection, an extended one taken 
near Calcutta, measures 180 x 17'5 inni. 

Form as m H. granulosa^ robust, broad-headed, circular in 
buccal region, broadly elliptical elsewhere with sides broadly 
rounded, little depressed, elongate- o\ ate with width neaily equal 
for the middle third, at least, but usually greatest at about XVII. 
Lip very broad and rounded, in all respects as in E granulosa. 
Eyes, buccal region, clitellum, gonopores, nephropores, sensillss 
and auiis also as in tliat species Gonopores \ery constantly m 
the furrow of h bjh 6, but occasionally slightly w’lthin h 6. Nephro- 
pores in line with or a little laterad of ventral intermediate 
sensillm. 

Quadrate areas usually exceptionally strongly marked, about 
twenty-two to twenty-four on each surface, distributed in the 
inter-sensillar fields about as follow’s : A-1, B-4, 0-2, D-1, E-2, 
E-2, G-3 and H 6 Each of these bears at its centre a larger 
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sense- organ 811 iTounded by froDi foity to forty- five smaller ones, 
which tend to be concentrated centrally and scattered peripherally, 
like bullet holes in a successful taiget. Anterior to IX thelaiger 
non-metair*eric sense-organs only appear m surface views as a 
single trails \ else row, the aggregated arrangement becoming 
evident on X, IX being transitiounl. There is much vaiiation 
among different specimens and lota in the prominence and rough- 
ness of the qnadiate areas Sometimes they are flat and neaily 
level, with the sense-organs flusii with the surface or even 
retracted into minute pits , again they are rounded like pebbles, a 
condition frequently noted at the ends of the body , and in other 
cases they are elevated into somewhat conical prominencea on 
which the sense-organs staud out roughly as conical papillss 
The latter condition appears to be not onlv due to a physiological 
response, but to be progressive with age, the large and old speci- 
mens becoming very rough and the senbory papillae so prominent 
as to have gained for such individuals tlie name of “haii’y 
leeches/’ 

Sennllce have the same form as in E.javamta, but are not quite 
BO large. They are conspicuous throughout except on tlie seg- 
ments of the head-region, where the}’’ are smaller and the elongated 
form less e\ident. Caudad of the chtellum each consists of a 
low, rounded, elliptical, tianslucent and colourless papilla beaiing 
on the axis a ruised, opaque white line. These are inclined 
cephalo-mediad with the median hne at nearly constant angles 
estimated as follows dorsal paiamedians about 30-36°; intei- 
mediates 45-56°, supia-margmals, marginals and submarginals 
nearl^^ 90°, but usually vaiying slightly iiom the exact tiansveise; 
ventral parainedians 0-10° or 12°, and ventral intei mediates leiy 
small but apparently transverse. Toward the caudal end the 
dorsal parainedians tend to become more nearly longitudinal and 
the intermediates more nearly transveise. 

Caudal sucker relatively smaller than in H, javamca^ 
with a well-defined pedicel shaped like a tiuncafced wedge or 
flattened cone. While often exactly circular it is more often 
slightly wider than long, its thm flat maigin, when extended, 
reaching to XXIY a2\ dorsum marked by seven to eight 
inegular rings of irregnlaily quadrate, more or less elevated aieas, 
beating both seiisillee and nou-metamenc sense-organs. Owing to 
their variability and the irregularities of the surface the exact 
number of the latter is uncertain. They are, how'ever, less 
numerous than m E javamca^ but, as iii that species, they are 
arranged in ten visible, radiating, slightly elevated lines repie- 
seiiting the eight dorsal senes and the ventral aubmarginals 
Traces of the other ventral senes may he detected beneath the 
body. The number varies greatly, and tw'o specimens seldom 
exhibit exactly the same arrangement. The doisal parainediaus 
and intermediates are best developed, having usually three or four 
in a senes, but rarely as many as five or even six, while the 
ventral senes are represented by one or tw'o or none. Prequeutly 
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every one o£ the seven rings representing the seven caudal somites 
bears eensillse oF at least one seiiea. On the veuter the suckei is 
smoother, but marked with u vaiiable number (about twenty-six) 
of radiating grooves ending in marginal notches. 

Annulatzon, — There appear to be no constant differences 
between this species and iT. granulosa. Both in the detailed 
features and in range of vanation the two are in close agreement. 
In the frequency with which ceitain variations occui, however, 
there appears to be a difference. Thus elaboration ot tlie incom- 
plete somites toward both ends of the body proceeds less far m 
S. mamUensis than in E, granulosa. This is evidenced especially 
on YII a 3, Yin a 1, XXIV a 3, and XXV a 1, all ot which 
have the secondary furrow moie or less w^ell developed on most 
and practically complete on some specimene of E. granulosa^ 
which conditions, while occurring on specimens of S. mamlleymSf 
are far less frequent and less advanced lu the latter Similar, 
though less obvious tendencies were noted on other incomplete 
somites. Otlierwise the description of the annulation of 
S, granulosa will seive equally well for the present species. 

Coloration. — Living colour ns figured (PI III, fig. 2) and 
described (by Lesson, G-iube, Tennent, Wharton and trom notes 
on labels by Annaiidale and others), dark olive-green, varying to 
bright olive-gieen, or to olive-brown, yellowish- brown and brown 
on the dorsum, marked by a continuous or broken median dorsal 
line of black, dark brown, or gieen much darker than the gi’ound- 
colour , irregular, wavy and narrow black hnes on each side more 
or less broken or distinct, and black or dark green supra-margmal 
spots on every second (62) and fourth (6 6) annulus of each 
somite Venter plumbeous, fulvous, reddisb-brown, reddish- 
orange or, according to Whaiton on Philippme examples, dark 
velvety olive-green, with broad black submnrginal stripes and 
rarely with scattered black spots. Margins wnth a narrow, sharply 
defined stripe of yellow oi orange. The submargmol stripe is 
frequently absent, about one-third of those examined exhibiting 
no trace of it. Probably these are the individuals with venters 
green in life. 

As in other members oE the genus, the black pattern is most 
complete and perfect on young leeches, and with increasing ng© 
and size becomes broken, dissipated, obscure and finally laigely 
obsolete. This is especially true oi the large, lough, biovii indi- 
viduals, in which the median line and the supia-marginal spots, or 
even only one of these, remain visible. The onginal perfect pattern 
IS exactly like that of S’, gi'anulosa. All of the modifications 
that occur in granulosa occur in this species also, and Blan- 
chard’s diagrams of the pigmented pattern were undoubtedly based 
upon the two species indiscriminately. There is evidence, how- 
ever, that they do not occur with equal frequency and there is 
little doubt that adequate biometric determinations based upon 
sufficient samples properly prepared and assorted with reference 
to size, season, locality and physiological condition w ould disclose 
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different coefficients of variability. Among the quantitative differ- 
ences that appear m the tabulation of the characteristics of nearly 
nine hundred specimens ot tlie two species are the following; — 
In H, manillensis the pattern breaks up earher and more com- 
pletely , the Bupra-marginal spots and the supra-marginal black 
lines are more often completely wanting ; the median dorsal line 
18 more persistent ; the remaining three dorsal black lines are 
commonly less developed on 6 6 and hi and fiequently disappear, 
causing these two annuh to appear as paler transverse bauds ; 
the submarginol black bands, while commonly broader and more 
intensely pigmented, ai'e, on the other hand, far more frequently 
totally absent , the dorsal ground-colour is much more dominated 
by brown and yellow and less by green ; and the venter, on the 
contrary, which appears to be raiely green in H, granulosa^ is 
frequently so in manillensis, especially in the Philippine 
Islands, where this variety appears to predominate. 

Digestive System^ — Oral chamber, velum and buccal sinus as in 
Hn javanica. Jaws, as in that species, large, prominent, with 
strongly convex profile, but the mediau not averaging larger than 
the paired in the specimens dissected. Papillae as m E, javantca, 
but apparently somewhat less numerous (36 on one counted), 
usually very prominent, spheroidal, those near the dentigerous 
ridge about one-half the diameter of those lower down on the ]aw, 
which have a diametei of about 0 12 mm. Teeth as m S, javanica 
but even more numerous (140 to 166 or more), long, sharp, 
conical, the longest measunng 0 027 X 0‘01 mm., reduced to half 
that length at the seventeenth and ending in a long vanishing 
series of almost indeterminate number and diminishing size, m 
this respect differing markedly from H, granulosa. Pharvnx, 
stomach and intestine practically as in H. javanica, but "the 
gastric caeca apparently longer and more lobate. 

Reproductive organs (fig. 53) app teaching in nearly all respects 
very closely to those of S. javanica and with that species diverging 
in several characters from E. granulosa Testes eleven or twelve 
pmrs in the usual position at XIII/XIV to XXIII/XXIV or 
XXIY/XXV. Vas deferens as usual, but with a reduced glandular 
covering continuing almost to the epididymis, into the medial, 
postero-ventral end of which it opens. Epididymis massive, at 
maturity equalling or exceeding in size the entire atrium and 
standing more or less erect at the sides of the latter, composed 
of an intricately and slightly folded tube m one mass not bent 
CD itself Ductus ejaculatorius chiefly a very large fusiform bulb 
arising from the dorso-lateral end of the epididymis, lying along 
its lateral face and curving round to enter by a slender duct the 
side of the rounded prostate near its end. Atnum relatively 
small, pynform or clavate, the short pems-sac enlai-ging gradually 
into the rounded ovate prostate, which is flexed sharply on it 
either cephalad or caudad. The entire organ is coated with a 
loose layer of glands, some of which envelop the end of the 
ejaculatory bulb and others forma whorl round the external orifice. 
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Female organs (fig. 63, ]8) almost exactly ns in H, javamca^ and 
differing strikingly from both E, granulosa and jff. virid'is in 
essential features. Onsacs as usual leading by short oviducts 
into a common oviduct which at the point of union is enclosed by 
an ovate albumin gland, beyond which the widened common 
oviduct pursues a somewhat tortuous course to open into the 
female bursa along with the vaginal duct. Like the atrium the 
vagina is relatively small It consists of a wider sac and a 
narrower duct of about equal length, which may be sharply 
differentiated by an abrupt change m diameter or even by a 
constriction, or may taper gradually into each other. The duct 
also tapers to its opening into the bursa, where it joins the com- 
mon ovidnct. Usually this takes place well withui the ventral 
longitudinal muscle-layer, so that no stalls whatever appears free 
above the body-floor. Occasionally, however, the union takes 



Fig 63 . — Htrudinaria mamlleims 17 Ventio-anterior view of removed 
terminal male organs X 6 Lettering as in preceding figures 
17 a Blight side of atnnm , w;, body-floor 18. Female organs from the 
left side X 6. h, female bursa. Other lebteiing as before 

place above the body-floor. These essential peculiarities were 
constant for all the specimens examined, whatever the state of 
development of the organs. 

Geographical Bistrihuiion and Binomics, — This is the common 
paddy-field leech, buffalo-leech or medicinal leech of the lowlands 
of India It has always been confused with the next species, and 
may ultimately be proved to be the tnie H, granulosa. It occurs 
in a zone, roughly limited landward bv the 600-ft. contour-line, 
throughout the coastal provinces of India lu Bengal and Upper 
Burma it ranges far into the interior over the broad plains of 
the lower Granges and Brahmaputra drainage systems, where it 
IB very abundant. Along the Kanhai Eiver, south of Darjeehng, 
it reaches to the very base of the south escarpment of the foot- 
hills, and 18 also found in the valley of the Kuaivara Eiver, m 
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Cachor, southern Assam In both of these localities it nppioaches- 
close to the Inghlands, but the collections appear to have been 
actually made below 500 ft. It is \ery abundant, and reaches a 
large size in the neighbourhood of Calcutta, wheie it is the 
common medicinal leech. In Lower Burma it is abundant about 
Eiingoon, from which place Prof G. E. Ghites has sent an excellent 
senes, and extends up the valley of the Irrawaddy into the Amherst 
District and the South Shan States Westward there is no 
evidence that it is found much beyond the mouth of the Indus, 
nor does its lange extend far up the i alley of that river, 
E, granulosa replacing it throughout North-West India and the 
Baluchistan frontier So far as the available material indicates, 
it IS the only leech of this gioup in Ceylon, where it is excessively 
abundant m the nce-fields, ponds and springs of the lowlands,, 
but extends also into the centre of the island (Peiadeniya), and. 
consequently occupies the entire island except probably the 
highest hills. Outside oE India it is very abundant in the coastal 
provinces of the Philippines and Borneo, and probably is the 
species recorded under various names from others of the Malayan 
Islands. I have also identified specimens from Siam (collected 
bv Dr. H. M. Smith) and from ^iiits on the coast of China 
(collected by Professors Gee and Ping). Whether a highland 
species occurs in these countries also is at present unknown, but 
it seems probable. 

Ot couise the 600-ft. contour is offered as an approximate and 
provisional division only between the ranges of the two species, 
not as a definite or determined one. //. g) anulosa is the dominant 
species above, H, mamllensis below that elevation. The exact 
altitudes at which collections were made aie rarely stated on the 
labels for either of these species, and only approximate determina- 
tions of elevations could be made by the use of topographic maps, 
but the agreement between distribution and specific characteristics 
proved to be striking. As in the case of other species there no 
doubt will be found interdigitations, isolated islands and admix- 
tures of the two species Nor can the mere altitude be considered 
a vital factor in their distribution This must be sought in some 
other ecological condition or conditions correlated with altitude, 
and like the exact geographical relations of the two species, can be 
worked out only by a naturahst on the ground and familiar with 
physical and biological conditions. 

The paddy-field or buffalo-leech inhabits the nce-fields, swamps, 
ponds, tanks, sluggish streams and spnnga, but seldom occurs 
where there are strong currents. They are especially abundant 
about the buffalo tanks and the drinking places of cattle, whose 
blood they suck, hut there is no evidence that, like the true 
cattle-leeches, they entei the mouth or the nares. Their teetli 
are quite capable of cutting the more tender parts at least of the 
outer skin. They also attack Man when occasion offers, and have 
been found attached to frogs, snakes and turtles. Jloubtless 
they prey upon many other vertebrates, especially mammals. 
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Dr. Anuandale in an unpublished note states that “ the species is 
very abundant in the swamps and nee- fields in Bengal and Burma. 
It rests among weeds beneath the surface of the water, through 
which it undulates rapidly when distui’bed. Men and animals 
walking along the narrow embankments which separate the rice- 
fields are often attacked by them on their ankles.” Major Seymour 
Sewell vviites that once when collecting along a small freshwater 
stream on the coast of Burma “ one of these leeches most 
persistently followed me up and down tlie stream, although I was 
not actually in the water.” Major Wall (1914, 1920) refers to 
having found two heavily gorged leeches within the mouth of a 
rat-snake, and other similar cases are recorded. Miss Bobertson 
(1909, pp. 678, 679) refers to their feeding on soft-shelled “milk 
turtles (Emydamiiata) in Ceylon, where the leech is known to the 
natives as Duja Kudella. It “prefers to sit on the carapace 
attached by the posterior sucker and to fix its anterior sucker to 
the occiput, back of the neck or humeral angle (text-filg. 4, 
p 678) The leech will stretch to an incredible extent when the 
tortoise puts out its head rather than let go ” The tortoises 
often succeed m catching and eating the leeches, gulping them 
down with some difidculty but without breaking the skin. 
Mias Robertson refers to a fact that has been observed in other 
blood-sucking leeches and which is of importance m the possible 
transmission of infective agents namely, that they treqiieutly 
feed in two or more instalments ; thus a leech would attach itself 
and feed for about an hour, and then cease and move about on the 
carapace or even leave the tortoise altogether, and upon being 
replaced would take a second meal. According to Miss Robertson 
the time required to digest a meal of blood is leas than for some 
of the species of temperate climates. Usually 2 to 6 months, 
according to the size of the leech, are required, but one gorged 
with blood was nearly empty iii 63 days. Some time may elapse 
between completion of digestion and search for more food. All 
leeches captured m nature were empty, but not all would feed. 
One leech fed on December 2 ted again on February 1. 
Evidently, like other species, this one, after feeding, conceals 
itself duiing the piocess of digestion. 

There is no published mforination relating fo the breeding of 
this species, nor have I been able to secure any reliable data. 
Probablv the account given for H. granuLoaa will serve quite as 
well for this. 

Several studies indicate that H. mainllensis may be a factor of 
importance in the transmission of disease. Miss Robertson 
in her work ou Ceylon Hssuiatozoa fed these leeches ou the blood 
ot the turtle Emyda viitata infected with Trypanosoma viUatat^ 
and found the Hm^petomonas and Cnthid'ial division stages per- 
sisting 111 the stomach of the leech for as long as six weeks. 
As the leeches move from host to hostess, and as they frequenth 
vomit some of the ingested blood, transmission of the parasite 
while feeding is easily possible The paiaaites also orient fhem- 

Q 



226 


HIHUDIDjE. 


selves and swim against the blood-current. Miss Robertson, 
however, thanks that in this particular case H, manillensis is not 
the true intermediate host, but that that role is played by another 
leech (probably J?lacohdeUa emydai), a normal parasite of the 
turtle. 

More important economical] v is another senes of observations 
made in the Philippines by Boynton (1913) Although these 
results lequire confirmation, they indicate that these leeches may 
be agents m the spread of rinderpest, which is by far the most 
serious epizootic disease prevalent in India (Edwards, 1924). 
These leeches, fed upon cattle striken with rinderpest, retained 
the virus in virulent condition for at least twenty -five days. 
Positive infections were seemed in cattle which dmnk water con- 
taining blood disgorged by these leeches, and this water remained 
infective for five days. The fact that cattle in early stages of 
rinderpest seek cool water and that caraboas seek water at all 
times exposes them to the leeches There is also some evidence 
of a positive correlation between the rinderpest areas and the 
local geographical distribution of the leeches 

There is naturally some confusion concerning the relative 
extent to which this species and H. granulosa aie employed for 
medical purposes, and the general remarks made under the latter 
apply to this species also. While the lowland species appears to 
be employed locally lu the districts where it occurs, there is 
evidence that upland leeches are preferred, and that formerly, 
if not now, they were sent to the coast cities in trade There 
were also favoured localities for the supply of the present species 
to considerable areas. Thus Layard (1863) states that most of 
the leeches used for medicinal purposes ou the island of Ceylon 
come from a bubbling spring at Tomatoo They appear still to 
be gathered in large numbers in the swamps surrounding Calcutta, 
and the smaller ones sold in the markets for medical use of the 
natives. (See also Appendix, p 297.) 

40. Hirudanaria (Pmcilobdella) granulosa (Savigny). (Plate lY, 
fig. 5) 

Synonymy • 

Sangiiisuga granulosa Savigny, 1820 (1822), p, 116 (PondicheiTy ) 
JStrudo gi anvlosa (Savigny), Moqmn-Tandon, 1846, p 347 
Lvmnatis {Pcscilohdella) granulosa (Savigny), Blanchard, 1893, 

p 28 

Li^nnatis (Pcsctlobdelia) granulosa (Savigny), Blanchard, 1897, 
pp, 338-349, text-figures 8--6 (exterior morphology^ and colour- 
pattern of jS, granulosa and maniUensis) (In port.) ("Widely 
distributed throughout the interior of Hindustan and Burma.) 
Limnatu (Savigny), Khan, 1912, pp 206, 207 (Culture ) 

Limnatis ( PoseUohdella) gi^anvlosa (Savigny), Matthal, 1920, 
pp, 341-346, text-fig. 1 aud pi xvm (cocoon formation), ^ 

Limnatis {Pasoilohdella) granulosa^ Kaburaki, 1921a, pp. 673-676. 
(In port ) (Ohilka Lake ) Kaburaki, 19216, p. 711 
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Limnafts {FcBcilohdella) granulosa (Savigny^, Moore, 1924, 
pp 376-877. (In part ) (Punjab ) 

Other possible synonymy is omitted because of the ancertamty 
ot determmation. 

Diagnosis — Size large and form robust, and general external 
characteristics as in H, mamllensis. Colour ot dorsum vaned 
shades ofc olive-greeu, often divided by one or two pairs of 
yellowish longitudinal stripes, and marked by a black pattern 
consisting of a median constricted or broken line, tour pairs of 
narrow wavy lines bordering the yellow stripes, metamerio 
paramedian spots on annuli 6 6 and h 1, and similar supra-marginal 
spots on annuli h 2 and b 5. This pattern is variable and largely 
disappears with increasing size. Margins with a yellow or orange 
stripe and venter usually red dish- orange with submarginal black 
stripes. Gonopores at XI b 5/6 6 and XIT 6 6/6 6. Caudal sucker 
not exceeding two-thirds ot body-vindth lu normal extension, 
SensillsD prominent, elliptical, and oblique. Teeth usually about 
loo ( 86 - 128 ), not continued as a disappearing series. Atrium 
pyriform witli pems-sac longer than prostate, which is covered 
with a compact layer of glands ; ejaculatory bulb little enlarged. 
Female organs with a well-defined stalk common to the oviduct 
and vaginal caecum and approximately equal to the combined 
length of the duct and sac of the latter. Sanguivorous and 
medicinal. Type-locality, Pondicherry. 

Description , — Size reaching a maximum in life, when extended, 
of 10 inches long and -f- m. wide. Common specimens are 3-6 in. 
long and -J- to f iii wide. The largest preserved specimen in the 
collect-ion is 190 mm. long, 19 mm. wide and 10 mm. deep. A 
well-preserved example in about the usual state ot contraction 
but more flattened than usual measures length. 98 mm. ; to 
male pore, 21 mm. ; width at buccal rmg, 6*5 , at male pore, 
18*4, maximum width (XX), 20'3 mm,; depth at buccal ring 
and male pore, 4 2 ; depth of flattened post-cliteUar region, 
3*5 mm ; diameter of caudal sucker, 8 7 mm. This specimen 
was bred artificially for medical use and was stated by the breeder 
to be two and one-half years old. 

Form much more robust than H, javamca, similar to H, maniU- 
ensis^ except that young examples approach the former more 
closely in being more slender, flatter and having the caudal sucker 
relatively larger. Typically the outline is greatly elongated ovate, 
with the maximum width at the beginning of the caudal third, 
but individuals with the stomach completely empty have the 
maximum width farther forward near the middle, with a nearly 
uniform slope to the almost equally rounded ends Much 
elongated, empty individuals may approach a linear form with 
parallel sides, which is especially characteristic of the young. 
Buccal region nearly circular, the remainder broadly elliptical 
in section, with the margins broadly rounded, whatever the 
■degree of flattening. 

q2 
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Head veiy broad, the hp short and rounded, rarely exhibiting^ 
any tendency towards a liiangular form as in H. javamca Lip 
constituted of somites I to TV, which are wrinkled and more or 
less divided into quadrate areas obscuring the annulation ; lY 
terminates at the sides m a pair of lateral buccal lobes, and the 
others in slight crenulations , ventral surface with a median 
longitudinal fissure extending for entire length and passing into 
the median dorsal angle of mouth, and on each side two or three 
shallow furrows which meet the segmental furrow's at the sidea 
of the lip. Jfo apparent unsegmented margin. Eyes exactly as 
in H ]avanica» Buccal ring formed by the union ventrally of the 
two annuli of V united laterally with lY a 3, and post-buccal 
ring of YT al and a2, the furrows m both cases completely 
disappearing on the venter. 

ChteUiim occasionally indicated externally by a more yellowish 
colour and a slight hardening and swelling, the anterior and 
posterior borders of which are obscure, and internally by a thick 
layer of yellowish glands among and withm the longitudinal 
muscles and extending over fourteen to sixteen annuli, X & 6 or 
6 6 to XIII a 2 or 6 6 inclusive. Q-onoporea in the typical position 
at XI and XII 6 6/6 6, but frequently just witbm 66 or more 
rarely 6 6, and occasionally m the middle of 6 6. Male orifice a 
minute circular pore in the centre of an elhptical or lozenge-shaped 
area extending half-way across the bounding annuli , female poi e a 
larger transverse slit with rugous margins. Nephropores seventeen 
pairs, often conspicuous, in the usual position on the caudal 
margin of 61 from YIII to XXIY inclusive, and exactly in line 
with the mtemediate ventral sensillse Anns usually a con- 
spicuous opening with furrowed bps either completely caudad 
of XXVIl, dividing the last annulus into two halves or most 
frequently between the two annuli of XXYU Caudal sucker 
of moderate size, commonly reaching to XX Y a 1, rather larger 
than in Hirudo but smaller than in H. javamca^ eirculai or 
broadly elhptical, thin, flat and discoid, the dorsal surface areolate 
or even veruccnlate and bearing both large sensiU© and minute 
scattered sense-organs ; the venter smooth and irregularly marked 
with radiating furrows of which about thirty are complete, with 
shorter ones between. 

Annuh sharply defined and of equal length throughout the 
middle-body region. Short longitudinal fun’ows joining the 
annular furrows divide the surface into more or less regularly 
quadrate areas which become more irregular and often polygonal 
on the head and caudal sucker At the middle of the body they 
number 44-62 on each annulus, distributed as follows, not 
counting those on w^hich the sensiUse are situated A 1, B 3-4, 
0 2, D 1, E 2, E 3—4, Q- 2, H 6—7. Each benrs a lorger central 
non-metamenc sense-organ, about which are clustered numerous 
smallei sense-organs. The prominence of these varies greatly 
with the age, the physiological state of the specimen and the 
method of fixation. Normally they are prominent and the central 
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portion of each area rises as a roughened wart, especially promment 
oil annuh towards the caudal end. As is true of mamlleiisis 
also, some ot the large individuals are so rough and the sensory 
papillae so prominently extended that they have been named 
hairy ” leeclies. Other individuals are nearly smootli with the 
sensory organs completely retracted, the position of the huge 
ones often being mdicated by a pore 

SensillcB, while much larger and more prominent than in 
Hvi'udo or Whitmania^ aie smaller than in H%rydvnana javanica^ 
but have the same peculiar form and inclination as m that species 
Apparently their number and arrangement is exactly similar 
oxcept that there are fewer on the caudal sucker On tlie dorsum 
they appear as white opaque axial lines home on elliptical 
translucent papillss 

Annulation {%.g 38, p 98). — Somites I, II and III uniannulate, 
but sepaiated by only very shallow and often incomplete furiowa, 
which are furthei obscured by the short longitudinal furrows; 
dorsal seusillfie only occur on these somites, and the inaiginals also 
are lacking On III both the sensillfe and the second pair of 
eyes he well within the anterior half, and traces of a furiow (a2/a3) 
may appear behind them IV biannulate, the two ammli appiox- 
iinately equal or the first (a 1 a 2) slightly larger and occasionally 
with traces of the furiow «l/a2; rarely a 2/a 3 is nearly or 
quite wanting; the third pair of eyes and a full set of dorsal 
sensillffi on the caudal half oE the first anuulus, which terminates 
laterally in the triangular lateral buccal lobes, lying within the 
oral chamber; a 3 extends part wav down the sides of the buccal 
ring, uniting with V. V biannulate dorsally (al a 2) larger, but 
rarely exhibiting any trace of a furrow, bearing fourth pair of 
eyes and sensillas on caudal half ; ventrally completely united to 
form the buccal ring. VI tnannulate doi sally (a I slightly >a 2 
much < (about |) a 3), bianuulate ventrally (a 1 a2)=a3), forming 
tlie post-buccal ring; fifth pan of e^es and a full set of dorsal 
and ventral sensiilm on a2, on the dorsum each annulus beaia a 
transverse row of non-metameric sense-organs, but as the furrow 
a] /a 2 fades on the venter, the two rows sepaiated by it gradually 
approach and finally unite in the median field VTI tnannulate 
both dorsally and ventrallv, al sl]ghtly>a2 iniich<a3 (6 5, 6 6) 
on dorsum, al = a2<a3 on venter. VIII quadrannulate, al 
(6 1, 6 2) much>a 2=6 5 = 6 6, no trace of the furrow 6 1/6 2 on 
venter There is mucli variation m the degree of development 
of the secondarv furrows on VII a 3 and VIII al. Invariably 
the Former is much better developed, but m advance or recession 
the two vary together. These furrows mny be totally wanting 
though the annulus itself is invariably enlarged, or they may be 
extended to the full width of the dorsum and according to 
H»rdmg’s notes, occasionally even across the venter, although I 
have found such cases only on very strongly contracted individuals 
in which they are laigely artifacts. In any event such ventral 
furrows are not to be compared with the ventral divisions of the 
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homologous annub of Ihnohdella feross IX to XXIII complete 
and quinquannulate (61 = 62=a2=Z) ^=6 6) except that on IX 
61 and 62 are slightly shorter than ct2 All of these possess 
the external morphological chaiacteristics (quadrate areas beaiing 
papillse with aggregated sense-organs on all anuuh, metameric 
sensiUsB, nephropoies, inetameiic colour-markings, etc.) referred 
to elsewhere m this description, but there is the usual individnal 
variation m the exact number of areas, the number and prominence 
ot the sense-organs, and ot tlie papillm supporting them, and 
even in the exact position, number (some of them may be sub- 
divided or united), size, and, within a range of perhaps 10°, in 
the angle of obliquity of the 8ensilla3. XXIV quadranniilate 
(6 I = 62=a2<fl3) , a 3 invariably enlarged and with the 
secondary furrow 65/6 6 variously indicated , owing to crowding 
by the sucker pedicel it is usually both deeper and more extended 
on the venter than on the dorsum, and may be well developed 
below when no trace of it can be found above. XXA^ trianniilate 
(al>a3>a2), the remarks just made concerning XXIY a 3 
apply to XXV a 1 also , both a 1 and a 3 have incomplete 
secondary furrows on the dorsum and the former usually on the 
venter, and these may be developed asymmetncalh'' even to 
the extent of complete sepaiation of 6 5 and 6 6 on one side. 
XXVI biannulate (al a2)=ahout a 3, and bearing the 
seusillse on the caudal half of the first annulus, the marginal^ 
usually being absent or united with the supra-margmals. XXVII 
uniannulate or frequently more or less completely biannulate ; 
in the latter case the first annulus much larger and bearing the 
sensillae near the caudal bolder, a 3 may be incompletely or 
completely sepaiated, m wbub latter case it is divided into halves 
or preceded by the anus Caudal sucker usually shows its com- 
position of seven somites m the arrangement of the areas more 
or less definitely into seven (sometimes eight) irregular circles, 
on which many of the dorsal sensillss aud a few of the ventral 
sensillse may be recognized Verv rarely is a complete set of 
dorsal sensillse present on any one annulus, but every annulus 
bears some of them and rarely are two specimens exactly alike. 

Colour in life: doi sally usiiaJly olive, but varying through 
olive-green to nearly a sap-green in the one direction and through 
olive-brown to reddish-bi own in the other, but evidently the 
olives predominate during life ; ventrally orange, varying eitlier to- 
the yellows or orange-red ; margins a sharply defined stripe of 
clear orange oi yellow bounded ventrally by a broad black or 
dusky submarginal stripe and dorsally by a senes of metameric 
block spots on 62 and 6 5, included in a variable supra-marginal 
black or dusky stnpe. Dorsal giouiid-colour often divided by 
one or two pairs of metamencally more or less constricted or 
beaded stupes of olive-vellow, orange -yellow or reddish-yellow 
margined with black, into a median and a broader lateral fields 
and the latter again into a narrow outer paramedian or inter- 
mediate and a broader siipra-marginal stripe, there being m the 
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latter case five olive, alternating with six, including the marginal, 
yellow stripes. In the median field there is a broken median 
black stripe and paramedian spots on 6 6 and h 1. 

On preserved specimens the greens have almost entirelv 
disappeared and the red«» and yellows are much faded, leaving a 
predominantly brown, or brownish-grey or drab ground on which 
the black or dusky pattern appears more or less clearly. This 
pattern is very precise and definite on young leeches, but giadually 
becomes more obscure, variable and broken on mdividuals exceeding 
about two inches in length, and finally on the largest leeches is 
so dissipated as small scattered spots and obscured % the papillse 
and tessellffl that the pattern is scarcely recognizable Blanchard 
(1897, p. 346) has illustrated in a series of twelve diagrams the 
ideal pattern and its principal modifications. According to these 
no single element is entirely constant, but the medial doisal hne, 
supra-marginal spots and submarginal stripes are rarely wanting 
Blanchard’s description is based indiscriminately on both 
H. granulosa and H mamllemis, and probably will seive nearly 
equally well for both. 

The ideal dorsal pattern (Blanchard’s I), as found perfectly 
developed in young examples, consists of a narrow, median dorsal, 
black or dark brown hue, paired paramedian quadrate spots on 
annuli b 6 and h 1, similar supra-marginal spots on 5 2 and h 5 
and tour pairs of narrow black or dusky lines tracing the 
boundaries between the olive and yellow stnpes. The median 
line may extend from the first pair of eyes to the anus, but more 
frequently is absent or obscure ou the hrst five or six and the last 
two or three somites It may be continuous and of equal width, 
more or less constricted intermetamerioally, or more usually 
definitely interrupted on annuli h 6 and b 1, and consequently 
broken into a series of dasties on 6 2, a 2 and h 5, or it may be 
totally wanting, but this is unusual on small individuals The 
supra- margin^ spots are verv constant, but differ considerably m 
size, intensity, form and relation to the black stripes. They 
accentuate the whiteness of the marginal and supra-marginal 
sensillsB which he between them, and are themselves somewhat 
obscured by being included in the broad, supia-marginal dusky 
stripes. In addition to the complete somites, on which they 
usually occupy the full length of their aunuli, they are usually 
found on two or three of the incomplete somites at the anterior 
(YIII, YCI, YI) and three at the posterior end (XXIY-XXYI), 
on which they extend over exactly the morphological equivalents 
of their undifferentiated annuli The paramedian quadrate spots 
are similar and so placed on 6 6 and h 1 that they bridge the gaps 
in the broken median line and alternate with the supra-marginal 
spots. The result is that all annuli but the sensory (a 2) bear 
metameric spots. The paramedian spots are less constant than 
the supra-marginal and except in rare cases are confined to the 
complete somites, and even may be absent from some or all of these. 
The narrow black lines are most variable, and owing to the concen- 
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tration of pigment in different parts they appear to have diffeient 
connections, and mav be aligned with the other elements in 
various ways. Usuallv they seem to belong to the olive rather 
than to the yellow stiijies, inasmuch as they are verv sharply 
defined on the yellow, but diffuse on the ohve side. Thus 
legarded, the most medial (inner paramedian) lines largely fade 
ELWiiy on 5 6 and 5 1, but become intensified on 5 2, a 2 and 5/) 
of the complete somites as a series of curved lines connecting the 
paiamedian spots on 5 1 and 5 0 and enclosing the paramedian 
sensillffi and the median black line. As a consequence the median 
oli\e field may appear as a chain-like stripe with broad links, 
widest on the sensory annuli and constricted intermetainerically. 
The outer black line, situated in the intermediate field, bears an 
exactly similar relation to the border of the supra-marginal dusky 
or olive stripe, forming a senes of more intensified arches on 
5 2, a 2 and 5 6 and fading with the constriction of the supra- 
marginal stripes on 5 6 and 51. The two remaining black 
hues bounding the two borders of the narrow olive stripe 
regularly diverge lu the middle of the somites and approach at 
their ends, the result being a chain-hke stripe about one-third as 
wide as the median one. Both these and the median stripe may 
lose their olive colour and become yellow in the centre or even 
entirely yellow. When the vellow stripes are best defined both 
pairs are regularly beaded, enlarged on 5 6 and 5 1 and constricted 
on 5 2, a 2 and 5 5. The inner pair lies in the nnddlef of the 
paramedian field and the outer pair m the intermediate line, 
including the sensillsB in its narrow ports. Ail of these stripes 
become more or less broken and ill-defined at both ends. Dorsum 
of sucker marked with paired, irregular dark blotclies and pale 
radial hnes, indicating the position of the sensillae The venter 
is usually immaculate, but niav bear a few small black spots, and 
the submarginal stripes mav be solid black, blackish-olive, lead- 
colour or dusky with small black spots, or occasionally they may 
he entirely absent. 

Harding has the following excellent manuscript note on 
the variations m colour-pattern ot this species (including 
E. mamllensis). Describing the black lines bordering the two 
pairs of yellow stripes as two pairs of chains, he wntes : “ The 
four black dorsal chains are subject to several elegant varieties 
of form. The black spots, median line and dorsal chains njay 
be absent or inconspicuous in certain individuals, but they are 
never all absent at the same time Individuals seem to occur 
which, in life, are devoid of orange dorsal stripes, and in which 
the black dorsal pattern is superimposed upon a uniform dark 
green or brown ground-colour ” 

Digestive tract similar to that of E javamca, but diffenng m 
several respects (fig. 38, p. 98). Jaws similarly formed and of 
large size, the median frequently larger or at least more 
prominent, shorter and more strongly convex than the others 
Salivary papillss numerous (more than forty on each side), ni ranged 
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in irregular rows over the entire sides of the jaws , low, rounded, 
ot two sizes, most ot theiii being about 0 1 mm. m diameter, 
those near the dentigerous ridge smaller, about *06 imn. in 
diameter Teeth stouter, shorter, blunter cones (0*03 x 0 01 mm.) 
and more widely separated than in H, javanica and JS, mamllensts. 
The number is also less, the median jaws bearing fiom 103 to 128 
and the paired from 86 to 113 on examples of ordinary size, the 
long senes of very small teeth ot H, mamllensis being absent in 
this species. Pharynx as m E.javamca^ but the six longitudinal 
folds not uniting in pairs at the anterior end. Principal gastnc 
caeca m each somite more extended than m H^javamca^ reaching 
slightly into the succeeding somite, somewhat curved or bent 
caudad and usually provided with three lateral lobes better 
developed than lu that species. Accessory caeca little developed, 
being mere sacculations. Large posterior pair of cmca arising in 
XIX. and reaching to XXVI, slender, with a small lateral lobe 
m each somite corresponding to the principal caecum of complete 
somites. Intestine slightly sacculated, in XX to XXIII. 

Reproductive Orgasm (figs. 38, 64, 55, 56). — Testes normally 
twelve pairs, XIII/XIY to XXIV/XXV inclusive. Yas deferens 
as usual, but m some individuals, at least, the glandular layer 
continues forward uearly to the epididymis. Epididymis m 
mature worms usually equalling or exceeding m size the entire 
atiium, consisting ot an intricately folded tube of irregular 
diameter, and folded on itself m a U-shaped pattern ivith the 
open end forward, the vas deferens opening into the anterior end 
of the ventral hinb, and the ductus ejaculatoriiis leaving the 
anterior end of the dorsal limb. Ductus ejaculatoi iiis, while 
somewhat enlarged and having its walls muscularly thickened, 
Jacks a defimite ejaculatory bulb, even in fully matuie and 
sexually active individuals. Atnum somewhat smaller than 
vagina but approximating it in size, roughly retort-shaped, the 
large ovoid prostate bent sharply forward on the cylindrical 
penis-sac, which somewhat exceeds it in length but is only one- 
thiid or one-fourth its diameter, aud may be straight or folded. 
Prostate covered with a thick glandular layer which is solid and 
not of diffuse, open texture, as m H. r)iamlUYms, Ovuacs 
generally of large size, ovoidal or ellipsoidal, with short, slender 
ducts that enter a prominent, solid, ovoidal or pyriform albnmm 
gland and unite to form a short, wide, somewhat folded common 
oviduct, joining the vagiua at about the middle of its length. 
Vagina divided into a stalk aud a csBcum (fig 56) distinguished 
by the point of entrance of the common oviduct, the stalk 
bemg common to botli oviduct and vagina. Including the external 
bursa the stalk is approximately equal in length to the csecum, 
but in cases iii which the latter is much enlarged may be as 
little as two-thirds its length, or, in others, and especially in 
young individuals, may exceed it somewhat. These ratios in 
length remain nearly constant m a large number of examples of 
all sizes and conditions of maturity, but the diameter of the 
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Jig. 64 — Btritdinaria granulom Antero-doraal -new of removed atrium. 
X 6 Lettering as m preceding figures The bursa is shown as though 
straightened out 



Fig 55 — ^tntdviwna, grwiiuhw, Atnum of a smaller specimen as seen from 
the nght X 6 



Fig, 56 ^ H.vntdinwi'm granulosa Dorsal view of female organa, removed, the 
bursa turned to show m profile. X 6 ra s , vaginal stalk , vc , vaginal 
csBcnm Other lettering as before 
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saccular portion ot the vagina increases at maturity The stalk 
IS muscular and cylindrical and of smaller diameter than tha 
vaginal duct. Typically the vaginal csecum is divided into an 
inflated thin-walled sac or pouch and a cylindrical, thicker- walled 
duct of about equal length and one-half the diameter, but in 
some inilividuals the sac may be more inflated and even so 
encroach upon the duct that the latter nearly or quite disappears 
as a shai'plv defined region Both male and female organs may 
pass to either the right or the left of the nerve-cord 

Geographical DisU'ihutwn and BiTiomics . — The distribution o£ 
this species within India, as shown by the large number of 
specimens in the coUecbion of the Indian Museum, is fairly clear. 
It 18 the common medicinal leech o£ the interior districts of most 
of India, inhabiting especially the upper plains of the great river 
valleys of tlie Indus, G-anges, Irraw addy and to a more limited 
extent the Brahmaputra In the lower parts of these same 
valleys, and especially in the bioad reaches of the Brahmaputra 
plains of Burma and m a wide coastal zone extending throughout 
Oevloii, Hindustan and Burma, the evidence indicates that it le 
replaced by Hirvdinaria mamll&iiisis. The only provmce in which 
It approaches the coast is Madras, m which ib appears to be the 
dominant species, not only m the interior but near both the east 
coast and the west, the collection including examples from the 
City of Madras and from the Karduwau Eiiver and at Etaknre,. 
both of the latter points being in Malabar at an elevation of 
about 100 ft * The species is especially abundant in the Puii]ab, 
along the Baluchistan border, in Bajputana outside of tlie Indian 
Desert, m Agra, Oudh, Sind and the Central Provinces. It occm’s 
also at Almahabad in Bombay, in Kashmir, Nepal and Assam, in 
North and East Burma, and in the Amherst District of Lower 
Burma and at many other interior localities Nevertheless it is 
not a mountain species, the only considerable altitude recorded, 
10,000 ft at Math iii Nepal, probably being a mistake for Mutcia 
in N.W. Agra at about 1000 ft., here it is common or, as Sir A. 
Shipley kindly suggests, for Math in the Punjab. Eather it 
18 cliwacteristic of the higher plains and foot-hills between .ibout 
oOO and 2000 ft above sea-level. It appears only rarely below 
500 ft , and there are only three specific records above 2000 ft., 
namely on the Wardha Rner in Berar, Central Provinces, at 
2400 ft. in the Simla Hills in Eastern Punjab, and at 4^150 ft. 
in Kumaon, W. Himalayas. In Assam it is recorded from north 
of the Naga Hills and in Lower Burma from the west slopes of 
the Dawn a Hills. The species does not occur among a large 
number ot paddy-field leeches from Ceylon, Eangoon and the 
region about Calcutta (See Appendix, p. 297.) 

Throughout this range it occurs m marshes, swamps, ponds, 
tanks, ditches and the smaller streams, but seldom in nvers 


* See, however, footnote, p 210 
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Whereas collectors of the lowland leeches frec^uently inentioii 
them as attackiug cattle and buffaloes, this is not the case with 
the present species On the other hand, its attacks on Man are 
more often reterred to To woikmen engaged in building roads 
nr similar woik in swamps it is sometimes very troublesome. 
The bite of the wild leeches is said to be quite irritating, for 
which reason they are not favoured for medicinal use. In the 
■collections this species and Hirudo hirmanica are ver 3 ^ commonly 
associated, and the collectors do not discnmmate between them. 

While the practice of blood-letting bv means of leeches is very 
ancient and formerly was very extensive among the natives of 
India, there are no goveiniiient or trade statistics that give a 
definite idea of its extent. Lt.-Col. J. L. Graham, writing from 
Simla on behalf of the Director-Q-eneial of the Indian Medical 
Service, states “ Tlie use of leeches m medical practice has 
largely disappeared among European doctois and from the 
hospitals of the British and Indian Army. The old regulation 
requiring the senior ward sweeper to make provision for a supply 
was abohshed in 1902 On the other hand, Mr Praahad and 
•others write that among the native hakims and doctors, leeches 
are still widely employed to avoid the use of the surgeon’s kuife 
Watt (‘Dictionary of the Economic Products of India’) states “At 
the present time [1890J the leeches employed in Bengal are 
chiefly caught in tanks m the neighborhood of Baraset [Bansat], 
by persons who collect them by entering the water and allowing 
the leeches to catch liold oE their legs They are chiefly gathered 
111 May ds the tanka begin to dry up But the best leeches are 
said to be obtained from the North-Western Provinces, chiefly 
from Shekoabad [United Provinces of Agra and Oudh]. Large 
numbeis are, however, also caught at Patiala in the Punjab.’* 
The first-mentioned locality is within the range ot H manillemis^ 
the second and third of H granulosa. Many of the leeches thus 
collected are kept in confinement and domesticated before being 
employed medicinally, tlie irritating effects of the saliva being 
thereby mitigated. Mr. D. V. Mamtora writes that a considerable 
industry m the domestication of leeches exists in the neighbour- 
hood ot Ahmadabad, Bombay, and Kahn (1912) describes rather 
fully the cultural methods employed m Bara Banki, United 
Piovmces, Specmieus ot the domesticateil leeches from the latter 
two locahties prove to be typical examples of the upland species. 
Eiom the above and similar testimony ifc is evident that, with the 
exception of the neighbourhood of Calcutta, where H, mamllens^s 
is largely used, the favored medicinal leech of Indian commerce is 
jU. granulosa. Even in the time of Sushruta the inland leeches 
were preferred. 

The cultural methods have been long in vogue, modern practice 
being founded on that indiLated by Sushi uta. In a letter 
Mr Kahu summarizes the account given in his published paper. 
Breeding leeches for medicinal purposes is the sole means of 
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livelihood o£ a certain class of people (Ohohra). Breeding begins 
in April or May just before the rains. A tew selected adults are 
placed in a new earthern water-pot with some moistened black 
clay The pot is covered with cloth and clay, and put away in a 
part of the house free from disturbance, for it is believed that the 
leeches will not breed if disturbed. To gain the same end, breeders 
in some places bary the pots m the ground. After a few u eeks 
the cocoons or egg-cases are foimed. These are at first soft and 
white, but in two or three days become fiim, and m the best 
practice are removed then and placed in small cups of the same 
clay and leplaced in the jar. This is repeated until the oocooii 
formation ceases. The cups are changed frequently and tiie 
whole kept moistened for about a fortnight, when the cocoons 
showing active young are broken open bv the breeder and the 
young released The young are placed m fresh water changed 
moining and evening. They grow rapidly, and when sufficiently 
large and disposed to feed, w'hieh is indicated by their attacks on 
a hand placed m the water, they are removed and allow ed to take 
a light meal on the body of the bieeder. Care must be taken not 
to allow them to suck to repletion, which often proves fatal. 
Feeding in moderation is repeated about every two weeks until 
they are old enough for use, which may be at two years The 
mature leeches are then divided into twm lots, the one to be sold 
for medicinal purposes, the other, called “ seed leeches,” being 
reserved for breeding. The latter are kept m water changed at 
intervals and are fed on blood until the next breeding season. 
Leeches used for blood-letting and fed with laige quantities of 
blood lose their powder of reproduction and are useless for breeding 
pui poses. This is interesting and confinmatory of the conclusion 
arrived at from a study of Binohdella feroas that the reproductive 
organs have become abortive in parasitic individuals (p. 183), 
Those leeches reserved for breeding and not employed medicinally 
w’lU live for ten years or more. 

Susiuta (for a copy of a complete translation, of the chapter 
on leeches by Kaviraj Kunja Tal Bhishagi’atna I am indebted to 
Major Seymour Sewell) gives many quaint directions for use of 
leeches in the treatment of vaiious disorders and many popular 
beliefs concerning them. But the methods and precautions laid 
down with ancient authority are essentially those now employed. 
Onlv those leeches that have not been used for two or three 
weeks are applied to the part to be treated. If these have been 
well selected they begin at once to suck blood with avidity and 
continue until they fall down filled, the amount of blood taken 
being three or four times the weight of the leech Such leeches 
become very dull and inactive They are rendered again service- 
able by stripping with the fingers from tail to head, usually after 
first pricking with a needle on the middle line of the back behind 
the head Thus they are emptied of blood, and after rubbing 
thoroughly and replacing in water usually recover and after a rest 
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of two or three weeks may be used agaiu Leeches thus regularly 
employed seldom hve more than a year. 

The Chohra find that wild leeches do not breed in captivity 
until long accustomed to it, and are difficult to confine. Their 
bite 18 often unbearable to the patient, and, according to Sushruta, 
■causes intense itching and sometimes swelling and fever. As a 
result the place of the bite is scratched. The probability is that 
the abscesses, blood-poisoning and occasional death which some- 
times follow are more frequently the result of infection introduced 
into the wound by scratching rather than of the direct poisoning 
or infection of the bite. The bite of domesticated leeches is far 
less painful. 

Further details relating to breeding are given by Matthal (1920). 
Twenty-two leeches under observation from May 23 to June 23 
foimed forty egg-capsules or cocoons, each leech pioducing from 
one to four. Drying of the clay stimulates cocoon formation, but 
may kill some of the leeches, while too much moisture retards it. 
On one warm day (32° 0.) eleven cocoons were formed and four 
leeches died. Cocoons fi-rst appear as a white frothy girdle about 
the clitellum. The body is slowly withdrawn tailward by rhythmic 
alternate contractions of the two sides, a process requiiing about 
six hours for its completion. After the cocoon has slipped over 
the head its ends contract, the anterior end being pointed and the 
postenor broad and bilobate. It gradually assumes an ellipsoidal 
form, 18-20 mm. long by 11-13 mm. wide, becomes yellowish in 
colour and of a stiff, firm texture. The walls consist of an inner 
membranous layer and an outer spongy or cellular layer fiUed with 
air which cause it to float m water. The contents are a greyish 
jelly in which a number of eggs are suspended. Development 
proceeds rapidly if the cocoons lie on damp earth, but if thej are 
covered by earth or immersed in water it is letarded or stopped. 
In about a fortnight three to fourteen (fi\e or six accoiding to 
Khan) young emerge from each cocoon. They are about 20 mm. 
long and 2 mm. wide, swim rapidly, attach by the posterior 
sucker, and in a few days attain the characteristic colour-pattern. 
By the fame of hatching, the grey contents of the cocoon have 
been entirely used up as food by the young 

Whether or not these leeches actually transmit diseases from 
person to person or between domestic animals is not certainly 
known, but the use of the same leech repeatedly, as practised by 
native doctors offers perfect conditions for the transmission of 
infective agents. That infections do sometimes follow the use of 
leeches is evident enough, but the unsanitary customs attendant 
upon their use and the sciatchmg of the wound due to itching, 
especially following the application of wild leeches, probab^ 
explains many of the cases of ulcere, toxesmia, etc. 
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41 Hirudmaria (Poecilobdella) viridis, new species. (Plate 
Vin, figs. 31, 32, 33). 

Dicbgnosis, — Largest extended specimen 114 x 18 mm. Porm as 
in H* granulosa, Oolour in general similar to that species but 
probably more inclined to the greens, and the pattern certainly 
dismtegrated earlier and more completely. The black pattern is 
hmited chiefly to transverse rows of mid-metameric spots Bright 
olive-green oE dorsum and greyish-green of venter sharply defined 
by clear bright orange marginal stripes ; dorsum usually with supra- 
marginal black spots on & 2 and h 5 and often with parame^an 
spots on 6 6 and 6 1, and more or less of a median dorsal line , 
no definite submaiginal black stripes. External morphology in 
general closely similar to If, granulosa. Jaws as in If, granulosa. 
Atrium with penis-sac three or four times as long as prostate, 
which is covered with a compact layer of glands , ejaculatory duct 
httle enlarged. Eemale organs similar to those of H, granulosa^ 
but vaginal stalk at least twice as long as csscum at all ages. 
Type-locality, Shasthancottah, Travancore, Madras State. Type, 

Indian Museum, ZEV ^ 

DescripUon, — None of the specimens is very well preserved, 
moat of them being strongly contracted and the others distorted 
and softened. Most of them are of small size, the largest 114 x 
18 mm. A moderately extended one measures ; length, 102 mm ; 
length to male pore, 22 5 mm. , buccal width, 8 mm. ; width 
at male pore, 12 5 mm.; maximum width (X"V^), 14*6 inm. ; 
depth, buccal, 4 mm. ; at male pore, 6-2 mm. , at XYII, 6 inm. ; 
diameter caudal sucker, 8 mm. Eorm about as m H, granulosa^ but 
apparently with the head even broader. Oral chamber spacious, 
the lip marked on the venter by a median furrow ending caudally 
in the dorsal triangular niche, and two pairs of lateral longitudinal 
furrows, and on the dorsum bv quadrate areas. Eyes, sense- 
organs and annul ations as in £r. granulosa 

Clitellum as in other species of the genus, a thick, glandular 
layer extending from X 65 to XIII a 2 lu elusive, but little 
evident externally. Gonopores typically at XI b5fb^ and 
Xn bdjbS, but one or both may be more or less within 6 6. 
They are larger than ou specimens of equal size of the other 
species of Hvt'udinana^ and the penis much more frequently 
protrudes as a coarse filament 12-16 mm long, increasing in 
diameter to near the tip, winch is about 1*6 mm , wnnkled but 
not spirally twisted or papillated near the end. Nephropores 
17 pairs, on the caudal border of 6 2 from YIII to XXIY inclusive, 
exactly in Ime with the ventral intermediate seiisillos, on some 
specimeus very conspicuous, both because of their whiteness and 
their large size. Anus as in Ef, granulosa. Caudal sucker 
probably smaller than in JS‘, granulosa^ as it in no case exceeds 
two-thirds of the body-width and in moat cases is considerably 
less. Integumental furrows regularly and strongly developed. 
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Integuments nearly smooth on some, very rough on othei indi- 
vidnals, in which the areas stand out as papiliss roughened bv 
the protruding sense-organs, which on still other specimens may 
he retracted to form minute pits. Each area bears a central larger 
sense-organ with smaller ones clustered about it. These areas 
are rather more numerous than on jBT. granulosa^ there being from 
forty-four to fifty-six on each annulus of the middle region. 
SensiUee disposed as in qranulosa^ but, though appearing con- 
spicuously on the dark background, they are smaller and less 
elongated, generally white spots on a clear elliptical aiea, dorsal 
intermediate largest 

Annulation differ s in no obvious respect from that of H. granulosa 
and H, mamlUftis^s and exhibits much the same variations, though 
it IS probable that they differ m frequency, as was shown lor the 
two other species. Yll aZ and YUI a 1 are constantly enlarged, 
and the former commonly has the secondary furrow (51/62) 
more or less evident on the dorsum, and m coutracted specimens 
pccasionally on the venter. On complete somites the middle 
animlua (tt2) is usually slightly shorter than the othei s. XXIY 
a 3 18 much longer than the other annuli, and the furrow 65/6 6 
may be more or less developed or entirely absent. XXYII is 
uiiianimlate or biannulate. On many, especially of the smaller 
and contracted specimens, the intermetameric furrows are much 
deeper than the others, and the annuU of each somite are 
separated by a next deepest furrow into an anterior group of 
three (6 l-j-62 + a2) and a posterior group ot two (66 + 6 6), most 
evident on the venter. 

Colour , — There is no direct information concerning the living 
coloration of this species, but five specimens preserved in 
formalin have retained much of its character. In life the green 
must have been much bnghter and the orange noher and redder. 
The dorsum is of a very uniform rich olive-green, on which the 
white or colourless sensilloe stand out with exceptional distinctness 
and the black pattern is obscured, requmng high lighting under 
water to bring it out. The median line, paramedian spots and 
supra-inarginal spots are usually present but faint, exhibit tho 
usual variations, and any oi^ all may be absent. There are also 
faint traces of metameric portions of the narrow black hues. 

The venter is a uniform dark greenish-grey, without spots and 
with definite submarginal stripes, though the submargmal field 
may be more dusky. Apparently the pigment has become diffused 
over the entire surface, which is probably dusky m life. 

The margins have a very clearly defined narrow strip of orange- 
yellow, continuouB for the entire length. 

Small examples from which the green and red have faded 
exhibit the typical generi c pigment pattern witli some modifications,, 
chiefiy in the direction of deficiencies. Most striking is the 
constant absence of definite submargmal black stnpes from every 
one of forty-eight specimens. Next is the obscurity or frequent 
absence (in nearly one-half of the cases) of the median dorsal 
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Lae, which, however, may be complete and continuous on full- 
grown individuals or, as is more frequent, be broken into short 
mid-segmental lines. Next is the early age at which the definitive 
pattern becomes estabhshed. As compared with the other species, 
this IS characterized, in addition to the two deficiencies just men- 
tioned, by slight or no development of the intersegmental parts 
(on h 6 and h 1) of the narrow blade lines, which thereby become 
intensified as metamenc spots on 5 2, a 2 and h 5, and by the 
the frequent absence of the most medial and the most lateral of 
these lines. This pattern, exhibited by most of the specimens, is 
established in its losses as fully on one 17 mm. long (contracted) 
as on the largest, but is subject to tlie usual variations. As in 
the other species, the loss of one element of the pattern is unusually 
correlated with the intensification of another. Two individuals 
oE medium size lack the pattern totally. 

Digestive tract as in H, granulosa^ but presents a few minor 
differences. Jaw s prominent, bearing on each aide about sixty out- 
standing rounded papillse 0 06 to 0 095 mm. m diameter ; the 
median jaw somewhat larger, with 100-105 teeth, the paired with 
90-92 teeth (counted on tour specimens). Teeth, as vciH granxi- 
losa, well spaced and without the long series of very small ones, 
pointed, conical, the largest 0 027 X 0 009 mm. No trace of teeth 
could be found on the specimens in formalin. Pharynx of two 
dissected, with six broad longitudinal folds not united in pairs 
anteriorly, but instead three end at the jaws and three alternate 
with these. Q-astnc emea as in H. granulosa^ the prmcipal pair 
of each somite rather slender and elongated, with definite lateral 
and terminal lobes, secondary emea, nearly one-half as long as 
the pnncipal ones ; last pair arising m XIX, reach to XXYl . 

liejproductive organs very distinctive. Testes, m the one fully 
dissected, eleven pairs, probably varying from ten to twelve, of 
the usual form and position, first pair always at XIII/XIY. 
Nothing distinctive about vas deferens Epididymis (fig, 57) 
spheroidal, the tortuously folded sperm-duct partly arranged into 
two limbs, the lateral entered by the vas deferens, the medial 
giving nse to the ductus ejaciilatorius. Ejaculatory duct, while 
somewhat enlarged, in no case possesses a large bulb, os m 
R. mamlleTfisis ; it penetrates the glandular layer on the latero- 
ventral aspect of the prostate and enters the prostate cornus. 
Atrium of constant form in specimens of all sizes, at maturity 
very large, much folded and extending throughout most of the 
length of XI and XII ; of elongated, clavate form, the penis-sac 
gradually increasing in diameter from the external bursa and 
passing into the spheroid prostate without sharp external differ- 
entiation other than the solid glandular layer covermg the latter. 
Eemale organs (fig. 58) in all essentials quite constant in ten 
specimens of all sizes dissected. Like the atrium at matantv the 
vagina is very large, much folded and extends through two somites 
or more, and by comparison, the ovisacs and oviducts, which are 
in no way peculiar, appear small. Vagina shaped much like the 
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atrium, but even longer and more slender, consisting o£ a vaginal 
csecuni and a stalk of twice or more its length, at 'the union of 
which the poinmon oviduct terminates. Stalk a long cylindrical 
tube about half the diameter of the penis-sac and exceedmg it m 
length. CfiBcum composed of a more or lees inflated sac or pouch 
and a narrower duct that tapers into the stalk and which may be 
abruptly differentiated from the sac or taper gradually from it. 



Fig. 57 . — Mrudtnarta wndts Terminal male organs removed, and straightened 
out, as seen from m front, with penis protruded X SJ. j?., penis. 
Other lettering as before. 


Brown botryoidal tissue is developed to about the same extent 
as in ^ gramdoBa^ but much less than in H, Tnanillensis, 

Geographical Ihstribution and Bionomics , — Under this head 
practically nothing is known. Although three lots were sent 
from the Indian Museum, the label of one has become illegible, and 
Coviloar, the locahty given on another, cannot be found in the 
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atlases The remaining lot, including the type, comes from Shas- 
thancottah, 12 miles N.NE. of Qnilon, Travancore, and was 
collected by Dr. Annandale. This place is in the southern part of 
Madras State near the west coast, and the altitude is about 300 ft. 



Fig. 58 — Hirud%nana virid%8 Female organs from dorsum, removed and 
bursa turned in face view X SJ Vas ^ vaginal stalk , v o., TOgmal 
0£Boum. Other lettermg as before 


Another specimen, received later, was taken from a small pond 
in a nce-field at Etakare, Malabar Dist , Madras, at an altitude 
of 100 ft. 

The stomachs of several specimens contain blood and one a 
rsmall quantity of a greenish flocculent material. 


b.2 
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Subfamily H^MADIPSINiE. 

Synonymy ; 

SeBinadip8id(8^ Blauchard, 1893, 1894 
HcamadipsincB, Blanchard, 1896, 1899, 1917. 

HeBmadtpsincB, Perner, 1897 
Repantia, Biandea (in Leuckart), 1901. 

Mcemadipsi^ieBj Welber, 1916 
Himiadips%7icB, Harding, 1913 
HeemadipamcBj Pinto, 1923. 

Tjpe-genus, Hcemadipsa, Tennent, 1859 (1861). 

Gen&i al Chciracteinstics . — These ai'e the land"leechesj:>area7wZZmc€, 
httle aunehds that have solved the problem of terrestrial and even 
of arboreal life far more completely and successfully than have 
the burrowing and cryptozoic distichodont and Ei'pobdellme 
leeches. While, as pointed out before (p. 158), the Aryhyncho- 
bdellid leeches, for the most part, ai*e not to be regarded as aquatic 
in any extreme sense, nevertheless water is the dominant element 
of their physical environment, and the step taken by these land- 
leeches m the direction of emancipation from dependence upon it 
m masses is a long one. They have reached nearly or quite the 
same stage of ecological evolution as, for example, have most of 
the toads aud tree-toads as compared with the aquatic and 
amphibious salamanders and frogs. That thev have not yet 
completely freed themselves from the shackles of their ancestral 
habitat is shown by their present geographical and seasonal 
limitation to places and times of great humidity. As compared 
with most insects, snakes and lizards, they are as far from being 
completely adapted to life on dry land as are leeches like Hii'xido 
and Hirudinaria from the absolute aquatic requirements of such 
types as sponges, hydroids and echinoderms 

That the Innd-leeches have been successful in their new habitat 
is sufficiently shown by their teeming abundance and by their 
dispersal over a wide range centeiing round the Indian region and 
extending thiougli the island groups of the Western Pacific from 
Japan to Madagascar and Australia In the dank tropical jungles, 
the misty ravines and the showery, forested mountnin-sides ot 
this extensive region they are among the most dominant and self- 
assertive elements of the animal l3e. A volume could be filled 
with the tales of naturalists, travellers, missionaries, engineers 
and soldiers, all attesting, from their varied viewpoints, to tho 
invincible and often overwhelming onslaughts of these myriad 
vampires of the jungles upon such men and beasts as venture to 
trespass upon their well-guarded domains A very few quotations 
will suffice. 

Hooker (1864, p. 167), writing of his experience in the Teesta 
Yalley, m Sikkim, states . — “ Leeches swarmed in incredible pro- 
fusion m the streams and damp grass and even among the buslies , 
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they got into my hair, hung on my eyelids, and crawled up my 
back. I repeatedly took upwards o£ a hundred from my legs, 
where the small ones used to collect in clusters on. the instep , the 
sores which they produced were not healed for five months after- 
wards ” 

Haeckel (1883, pp. 138-139) thus describes them m Ceylon ; — 
“ Excepting near the sea and in the highest mountains they swarm 
in myriads in every wood and bush ; and m some of the forests, 
particularly near the river banks and in the marshy jungles of the 
lughlands and lower hills, it is impossible to take a smgle step 
vtnthout being attacked by them. Not only do they creep along 
the ground seeking what they may devour — they are on every 
bush and tree, from which they frequently drop on the head and 
neck of the passer-by , while they always creep up his legs, nay, 
they can even spring to reach their victim ” 

Semper (1863, p. 559) recounts — “I once passed through a 
leech torest where, in less thau twenty minutes, such an extra- 
ordinary number of these blood-thirsty creatures fastened them- 
selves to my feet that they formed on both sides of the ankles 
bunches as large as the fist Eor the most part they keep on the 
ground ; but there ar© some that live on trees, and attach them- 
selves to the bodies of animals passing by, generally seekmg the 
eye.’’ 

Many stories are told of persons sleeping out in the forest or 
lost in the jungle, or of soldiers wounded in battle, who were 
lound literally covered with leeches, and who either lost their 
lives or barely escaped and were crip]iled for life. Large bodies 
of soldiers have been driven out of the ]ungle by them. 

These hfflmadipsines are so distinctive in appearance that they 
may be recognized at once. A careful study makes it evident that 
their external characteristics have been modified chiefly in relation 
to the changed mode of life, whereas the internal organs, and 
especially the nervous, vascular, digestive and leprodnctive systems, 
are more conservative and show less divergence from the aquatic 
Indian forms to which they are most closely related It is evident 
that the changed habitat has afiected principally three sets of 
conditions : namely, first, water relations , second, conditions of 
locomotion ; and third, conditions of sense reception. 

The first involves a change from normal immersion m water to 
continuous exposure to an atmosphere more or less completely 
saturated with water vapour and to surroundings frequently 
drenched by tropical rams. These conditions have been vividly 
depicted in numerous descriptions of their abodes. Thus Hooker 
(‘Himalayan Journals’ i, I, p 98) writes — “ In the rank luxuriance 
of the vegetation and the saturated vapouis blown by the SE. 
winds from the Indian Ocean 400 miles distant and condensing on 
the cooler southern slopes of the foot-hills of the Himalayas of 
Terral, m the dense jangles of stream-cut ravines, legions of 
leeches occur.” Sibree (1915, p. 157) describes their habitat as 
“ deep ravines witii rushing water, luxuriant foliage, ferns and 
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mosses.” Semper (1863, p. 186) refers to their hvxng in the open 
on trees in Ceylon in forests constantly saturated with moisture 
quite as well as European leeches do m water While most species 
of these leeches do not normally enter water even \\hen livmg in 
the vicinity of streams, they sometimes do, as will be pointed out 
later. That they are not injured by immersion m water for a long 
period 'was proved by Whitman (1886, p 528), who thus kept one 
of the Ceylon species without injury for thirty days It was, 
necessary, however, to confine them forcibly, as when free to do so 
they immediately left the water. It is evident that the land- 
leeches are physiologically aquatic, and that their preference for a 
damp climate is m response to the necessity of maiutaining the 
body moisture Probably the first impoitauce of tins is to support 
respiration This takes place through a superficial networlc of 
capillaries, loops of which penetrate the epidermis, and the skin 
fails as a respiiatorv organ unless kept moist. 

But it is evident that much moie than the selection of an appro- 
priate habitat is involved There is abundant evidence on the 
labels and m my coiTespondence, and there is some little in the 
literature that these leeches do not everywhere and at all times 
enjoy the ideal conditions of the saturated jungles of Ceylon and 
the Phihppines. They have extended their range on to the com- 
paratively dry grass-lands where cattle are pastured, as, for 
example, near Eitam, Nairn Tal, where they are very abundant at 
7000 ft (A. W. Gkilati)^ and “among moderately dry herbage” 
(AnnarvdaU) near Calcutta. There is evidence also that year by 
year they are pushing to higher altitudes on the mountains (Petth, 
1919, ]). 79). Purthermore, many of the habitats, and especially 
the mountain habitats, are subject to the influence of the iioith- 
east monsoons, and consequently have a dry winter season 
During the progress of the dry season the leeches disappear, as 
they are reputed to do also in certain diatncts between rams. 
These and other similar facts indicate that m spite of having 
found a terrestrial habitat witli abundant resources of moisture, 
these leeches are nevertheless placed at a great disadvantage as 
compared with their aquatic relations Obviously any adaptations 
for the conservation of water would tend toward the extension of 
their range and of the yearly period of their activity. 

There are seveial such adaptations. The compactness of the 
body resultmg from its cylindrical form, and the reduction of 
annuli m the cephalic and anal regions, reduces the surface for 
evaporation. The small size, of course, is a disadvantage from 
this point of yiew The integuments of the land-leeches are 
harder than those of other leeches, which may retard evaporation, 
IMucous glands are also more numerous, and their secretion helps 
to maintain the skin moisture. But the most important and in- 
teresting adaptation is the use made of the nephndial excretion, 
as Whitman (1886) has already pointed out. In aquatic leeches 
the nephropores are situated on the ventral surface, and the ex- 
creted fluid passes rapidly into the water. In the land-leeches 
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the nephropores are at the margins oi: the body, the terminal duct 
of the vesicle being directed upwaid to that point. Prom the 
point of exit the fluid may be evenly distributed over both dorsal 
and ventral surfaces by means of the furrows and connecting 
wrinkles, which act like a system of irrigation channels to equalize 
its flow. By this means every particle of the fluid may be utilized 
for moistening the surface of the body. As the rate o± flow of the 
fluid IS controlled by a sphmcter muscle, uo more need be passed 
out than is needed to maintain the proper physiological conditions, 
and as the nephndial vesicles are ver\’ laige, water may be stored 
m them against a time of need When medicinal leeches are 
sucking blood, drops of fluid may be seen to gather at the nephro- 
pores and run away (Qratiolet, Moquin-Tandon, et al.). This is 
supposed to come in part from the blood plasma \\hich is rapidly 
absorbed and excreted, thus concentrating the solid part of the 
imbibed blood in the stomach (Bialaszewicz, 1924). Whitman 
(1886, p. 327) describes drops of clear fluid as flowing from them, 
and states that the same occurs in the Japanese land-leeches. 
This, then, offers a means by which the leech may be protected 
from drying during the critical and important period of feeding, 
when it 18 most exposed. Altei feeding, the leeches seek 
shelter and darkness, and crawl beneath stones or logs, or bury 
themselves m the earth, where they are protected against rapid 
evaporation. 

Concerning locomotion, it is evident that the suckers which 
leeches use as adhesive disks m their ordinary looping movements 
can function as vacuum cups only so long as the margins are 
pliable, and form a close air-tight union with the surface of con- 
tact This may be observed in any aquatic leech allowed to crawl 
over a dry surface. In a brief time the sucker dries, air leaks in 
at the margins, and it fails to hold. The leech becomes helpless. 
The land-leeches are especially protected against this imminent 
danger of their mode of life In many of them the flrst pair of 
nepliridm are carried forward, and tlie external openings are 
situated at the sides of the buccal ring, whence the secretion is 
conducted around a large part of the sucker rim by the buccal frill, 
a thill membranous fold continuing the lateral buccal lobes, thus 
keeping the margins of the bead-sucker moistened. 

A similar but more perfect device is attached to the caudal 
sucker. Here, projecting towards the sides of the sucker, is the 
so-called auricle^ the function of which has remained unknown. 
It 13 a tri-lobed, flange -like appendage to the margins of somites 
XXIV, XXV and XXVI, probably derived from the marginal 
papillae of their sensory annuli (a 2), as is indicated by its struc- 
ture, position and colour Usually the middle lobe is small and 
triangular, the first and tliird larger with thiu membranous 
margins, the angles of which are somewhat prolonged. The 
interlobular sinuses are rounded. The whole fits closely to 
the tessellated surface of the sucker, the angles dipping into its 
grooves. The last pair of nephropores is situated beneath the first 
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lob© or between this and the second. When the leech, with 
sucker attached, holds the body erect, turning and swinging about 
ou its pedicel, as it is described as doing when a victim approaches, 
the auridea must necessarily sweep back and forth over the sucker. 
If, now, the nephridial secretion be flowing, the auricle would act as 
a brush or spreader to distribute it over the surface and margins 
of the sucker, maintaining their moisture. 

While a vacuum disk or cup is no doubt an exceedingly power- 
ful and versatile organ of attachment, when employed m locomotion 
it seems haidly suited to promote rapid progress. This is for the 
reason that the disk must first be closely applied to the surface of 
attachment to force out any foreign particles, and especially any 
air , the rim must then be sealed, and finally the disk cupped and 
the space beneath it lai'gely exhausted. Evidently this requires 
au appreciable length of time, and explains the deliberation with 
which leeches ordmarily perform their looping locomotion, and 
especially the slowness vnth which they fix the sucker. Probably 
It is for this reason that aquatic leeches swim when rapid move- 
ment becomes necessary. 

Land- leeches, denied the latter method of progression, have 
evidently perfected the looping mode, for all observe! s are a 
unit in describing the remarkable s\uftness with which they 
advance. Indeed, it is stated that they actually leap. Whitman, 
discusfcing especially the old account of Schmarda, expresses the 
belief that jumping m the stiict sense of the word is a physical 
impossibility for these leeches However, there is so much 
testimony to the truth of the assertion, including that of such 
trained observers as Haeckel (1883), Schmarda (1S'61) and Meyer 
(corres.), and several of my recent correspondents, that the fact 
can scarcely be doubted. Jumping leeches they are sometimes 
called, so patent is this habit. Both of these facts, the celerity 
with which the leeches move and them ability to jump, seem in- 
compatible with the use of the sucker solely as a vacuum disk. 
Another statement that has been difficult to harmomse with the 
use of the sucker in this manner is that these leeches move with 
great facihty along slender twigs and leaves, and even perch on 
the trembling edges of the latter. How can a sucker be operated 
effectively under such conditions ? 

A study of the structure of the sucker solves this problem, for 
it becomes quit© evident that it differs from that of other leeches, 
and has been modified in such a manner as to serve as a prehensile 
organ to a far greater degree tlian in any other, except possibly 
some of the fish-leeches The pedicel is very massive, and its 
musculature and that of the sucker unusually well developed. 
While most leeches exhibit slight marginal crenulationB of the 
sucker and faint and irregular radial wrinkles passing to them, in 
only a few cases do these have any constancy and definiteness. In 
the land-leeches, however, these structures become fixed as definite 
radial and subradial ridges or mbs, each ending in a small rounded 
marginal papillss. Their number is quite large, varying from 
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about sixty to nmety and sufficiently constant to cliaractense 
certain species. These rays are better developed in the land- 
leeches than in any others, except the Ichthyobdellid Actindbdella. 
They are admirably adapted to serve ns friction ndges to assist in 
the grasping function o£ the margin o£ the disk. The anterior 
median portion of the margin of the sucker is specially and more 
highly developed for the same purpose. Some of the more accurate 
figures and descriptions of the suckers of land-leeches indicate 
very clearly that they aie not exactly circular, but somewhat oval 
with a slight projecting anterior angle. This point or angle is 
formed of a median pair of the rays, and the muscles here are 
thickened. Its length and form differ considerably on different 
individuals ; on some it is barely perceptible, on others it forms a 
conspicuous, tapermg projection which may be straight or hooked. 
While discernible on all species, it appears to he best developed in 
the zeylamca type, which has the fewest radial ribs. It is evident 
that this is a functional papiUa that may be protruded and ex- 
tended or contracted or bent ventrad as a hook through the 
activity of its own and adjacent musculature Fmally, this 
structure reaches its highest development on the small, mottled 
race {cochimana) of H, zeylamca^ which is so abundant in the rain- 
soaked forests of Cochin State Every one of a large number of 
this race possesses a prominent pointed triangular lobe projecting 
from the anterior rim of the sucker. This is so lai'ge and so 
constant in form that it appears to be a definitive and no longer a 
facultative structure, as m the other races and species, but, of 
course, this can be definitely determined only by the study of living 
leeches. In any event it is certain that it is a well-developed 
prehensile papilla ndmirably fitted, with its musculature, to give 
the animal a firm toe-hold on loose oi soft soil, or to enable it to 
grasp, as with a little apposible finger, the edge of a leaf or a thm 
twig In the rapidity and precision with which it can take hold 
or let go, this prehensile organ is a great improvement over the 
vacuum disk, niid m large part explains the remarkable agility of 
these animals. It is hoped that a naturalist favourably situated 
within the geographical range of these leeches will study their 
behaviour with sufticient care to determine whether the}, as a 
matter of fact, actually do move as here suimised. 

Ooncermng their sensations little can be stated at the present 
time. So far as actually known, the sense-organs of the land- 
leeches do not differ materially from those of aquatic leeches. 
The eyes are relatively larger, the number of senes of sensiUse is 
smaller and some of the individual sensiUm are more prominent, 
hut that IB about all that is known. There has been no experi- 
mental work on their sensations Here is another most interesting 
opportunity for careful studies on behaviour. Whitman notes 
that some of his leeches manifested very great excitement when a 
light breath was blown into the bottle in which they were confined. 
All observers are agreed concerning their great alertness and keen 
senses, and it is stated that as one passes through their haunts 
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they may be seen commg to the attack from all directions and 
from as far as thirty feet, but no one has made it clear thiough 
which sense they detect the approach of their victims. 

In the substitution of air tor water as a circumambient medium 
certain changes in the sense-organs might be assumed. As the 
refractive index of the medium changes so might the eyes, but as 
the ejes ot leeches are phototuctic and not visual organs, no great 
change would be necessary or expected. The chemical sense might 
become more of the nature ot our smell than of our taste, but as 
these leeches live in an atmosphere saturated with water vapour a 
large part of the time, it is probable that little distinction is to be 
drawn here either. Then one might expect a distinction between 
the reception of vibrations tiansinitted thiough the giound and 
through the air, but, so far as I know, no one has detected anything 
lebemblmg an auditory orgau in these leeches- Like aquatic 
leeches, the land-leeches apparently are very sensitive to slow 
mass vibrations, and one may surmise that it is through the 
vibrations caused by their foot-falls that the leeches learn of the 
approach of their victims. But smell also may be an important 
factor. It is possible also that those leeches only which are in the 
immediate vicinity receive these sensations Those farther away 
may be stimulated by the activity of iheir nearer fellows. 

A problematical structure which may be a sense-organ occurs 
on certain anterior somites of several species. It is best developed 
on H. ornata^ and is referred to in tlie specific descriptions as the 
fuiTow-pit. Unfortunately none ot the material sectioned is 
sufficiently well fixed to make it possible to determine its minute 
structure and nature. It consists of a slit-Hke depression ot the 
furrow, the epithelial lining of which is deeper than elsew'bere, 
nearlv free from mucona glands and capillaries, and lies in a w'hite 
or unpigmented field. The turrow-pits may prove to be copula- 
tory areas. 

In view of their abundnnce, ubiquity and assertiveness, it is 
surprising liovv httle accurate information concerning land-leeches 
we have It is well-known that they are moat active at night and 
during rainy iveather, that most of them will disappear during a 
few djiys of no precipitation, and that during the dry season they 
totally disappear, but no one appears to know^ what actually 
becoDies of them during the dry season. This was the answer 
invariably received from Indian naturalists to whom the question 
was put. The literature is equally barren. It offers several 
suggestions but few ascertained facts. Tennent (1861), after 
ref ending to their complete disappearance during the dry season 
and their reappearance immediately with the coming of the rains, 
queries, “ Whence do they reappear? Do they, too, take a 
‘summer’s sleep’ like the reptiles, molluscs and tank fishes, or 
mav they, like the Eotifera, be dried up and preserved for an 
indefinite penod, resuming their vital activity on the mere recur- 
rence of moisture?” Landon (1906, p.49) goes so far as to state 
that they all die with the advent of the dry season, and that those 
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which reappear on its conclusion are a new generation Thi& 
would limit them to an active life of not more tlian seven or eight 
months, at the close of which eggs would be laid. This suggestion 
IS so contrary to what is known of other leeches that in the 
absence of any evidence it seems most improbable. "Whitman 
inclines to the belief that they merely seek shelter under atones, 
sticks, etc., as they do at all times when not actively moving about, 
and, thus protected against complete drying, await favourable 
conditions ot moisture. There is considerable evidence that many 
of the leeches do survive periods of drought in tins state of simple 
rest. Whitman, however, probably goes too far when he deniee 
completely the possibility of hibernation (drought torpidity) except 
m the case of those mountain leeches tnat live above the line of 
occasional frost and 8no^^. Even aquatic leeches will pass into 
this state of torpidity The common American Macrobdella decora 
sometimes lives in small ponds that dry up dunug unusual 
summers. They then burrow into the mud, coil into a ball and 
he quiescent until the pond is filled again How long they will 
live in this state is unknown, but in one instance se\eral were 
removed after the mud had been air-diy for thiee weeks When 
placed in water they were completely quiescent, but rapidly 
absorbed water, swelled until they were about twice their former 
(dry) size and became active. Oka (1922, p. 92) has descnbed a 
case of a fish -leech (Ozotranclvus) in which this process goes even 
farther It is probable, therefore, that some of these leeches do- 
pass into a condition resembling hibernation. There is still 
another explanation that accounts for the disappearance of some 
of the leeches from the drier areas, and that is migration During 
the dry season they may concentrate in the vicinity of water- 
courses, and during the wet season spread more widely over the 
less well-watered lands. The meagre evidence for this statement 
is to be found m the seasonal tabulation of the collections. This 
indicates that these leeches are more often taken attached to frogs 
and turtles during the dry than the wet season, and in a few cases- 
the labels record that they were found under atones by the sides 
of bodies ot water or m the dry beds of streams. 

Some speculations concerning the origin of the land -leeches 
may be of some interest. "V^^itman (1886) considered their 
nearest progenitor to be Rvrvdo^ by which I think we may assume 
that he meant any genus of the Hinido type with similar irinula- 
tion. Mv own infereuce is that the Indian genua Hlruduiaii'ia 
maybe more closely related. It is not only the dominant aquatic 
leech in the region most affected by land-leeches but is, more 
prone to leave the water completely than i^Hirudo^ and in several 
respects (characters of reproductive organs, external sculpture, 
etc.) it resembles the land-leeches more closely, though in others 
(jaw papilltB and form of sensillse) it diverges more widely In 
an unpublished note Whitman speculates on the place and 
conditions of their origin, in part as follows : — 

“In the younger tertiary periods a belt of freshwater lakes 
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skirted the southern base of the Himalayas, extending, with some 
breaks, across the entire peninsula of India, from the Indus and its 
tributai'ies to the Brahmaputia "Prior to the Q-lacial Epoch this 
long baem was drained by the elevation of its beds to considerable 
heights above the level of the sea. 

“ It would seem then that this upheaval which gave rise to the 
sub-Hiinalayan hills must have been attended by conditions that 
would be favourable to the gradual transmutation of fresh\A ater 
leeches into land-leeches. 

“ The gradual escape of the water, resulting from the elevation 
of its beds, would inevitably lead to a struggle for existence on 
land, with some prospect of success in localities where the loss of 
water was best compensated for by fiequent rains and a con- 
stantly humid atmosphere. Smaller individuals would evidently 
have some advantages over larger ones, under such conditions. 
Allovung that the climatic conditions were no more favourable 
than they now are in some parts of these mountains, there are 
evidently grounds for the con 3 ecture that some portion of the 
Sivalik basin was the cradle of the immediate ancestors of 
the land-leeches. The fact that these leeches are now found 
in profusion m the lower Himalayan and sub-Himalayan regions 
under conditions which, according to all accounts, are as favour- 
able to their mode of life as any that occur anywhere in the 
world , the probability that they have all had a common birth- 
place on the continent to which these mountains belong; and the 
tact that geological changes on a grand scale have heie taken 
place, of a kind that would be eminently favourable to the 
introduction and perpetuation of land-leeches, all tend to justify 
the same conclusion ” 

yiich information concerning the geographical distribution and 
relationships of the land-leeches as has accumulated in the forty 
years since this note was written pomts to the southern slopes of 
tlie Himalayas as the probable centre of their dispersal, and I 
know of no facts that controvert Whitman’s mam contention. 
As the land-leeches frequently attach themselves to birds, their 
dissemmation to islands is easily accounted for. 

Thar the land-leeches must exert a considerable influence upon 
human welfare is undoubted. There are distncts so dominated 
by them as to he nearly uninhabitable for Man They have a 
■deleterious effect upon agriculture and stock-raising through 
attacks on domestic animals. As they repeatedly bite lu the 
same place the continued irritation results in persistent open 
sores, as is attested by many observers. Attacks on the eye some- 
times cause temporary or even permanent blindness (Blanchard, 
1917 ; Semper). Whether they actually transmit blood parasites 
or other mfections has not been definitely established. They are 
reputed to be vectors of the flagellate {Herpetonfuinas) causing 
gangrenous ulcer (Prowazek, 1904, p. 28) and of the germ of 
tetanus (Kribs, in letter). That their bites are followed fre- 
quently by suppuration is well known; Davy (1821, pp. 102-105) 



H^MADIPSA. 


263 


attributes frequent death to this cause, and Tytler (1826, p. 373) 
describes in detail three cases met in his practice of soldiers bitten 
on the feet and ankles who contracted deep-seated and persistent 
ulcers from which they became permanently crippled. No doubt 
many of these cases are due to secondary infection from scratching 
of the wound or otherwise. It is especially advised not to remove 
the leeches too forcibly because of the danger of leaving some of 
the teeth in the wound. 

In the arrangement of the genera of the subfamily, Harding 
(1913) has proposed the two series of Trignaihoferce for those 
having thiee jaws, as typical of the Hirudidee, and Buognatkoferce^ 
m which the dorso-median ]aw is absent, leaving the paired 3aw& 
only. Blanchard (1917) ignores this important distinction and 
defines the genera solely by the number of annuli in complete 
somites, leaving out of consideration all factors of internal 
anatomy, a practice that Johansson (1924) justly criticises in ite 
application to the genua PhUcemon. 

All known Indian species belong to the type-genus HcBmcidijysa^ 


Henus H.SjMADIPSA, Tennent 

Synonymy : 

JSeBfinadipsay Tennent, 1859 (1861), p 302. 

Sosmctdipaa^ Whitman, 1886, p 322 

Hc&inadipsa, Blanchard, 1917, pp. 666, 667 (in part) 

Type-species, Sanguimga zeylamca Moquin-Tandon, 1826. 
Ceylon 

Diagnosis • — Size small, form slender, subcylindncal, tapering 
to head from near caudal end, which is massive. Both size and 
form much altered when distended with blood. Colour varied, 
usually longitudinally striped or mottled. Lip more or less 
triangular. Eyes large, the first four pairs usually on contiguous 
annuli, but the third and fourth mav be sepaiated by a partial 
or complete annulus Gonopores usually separated by five aiiiiuh 
fXI 6 5/66 and XII 6 6/6 6), but in a few species by more. Enrrow- 
pits often present on some or all of the somites from YIII to- 
XII. Integument tessellated, the areas especially prominent on 
the head and caudal sucker. Caudal sucker with numerous 
prominent radiating riba on ventral surface and a more or less 
well- developed anterior marginal prehensile papilla. Auricles well 
developed, trilobate. Nephropores marginal, the last pair beneath 
the auricles, the first nsually on the buccal margins. Jaws 
three, very high and prominent, without papillce. Teeth acute, 
conical, slightly curved, in moderate number. Pharynx with 
three or six longitudinal folds Stomach bearing simple, un- 
brauched caeca, one pair m each somite, the last pair elongated* 
Atnura small, pyriform, covered with loose glands , ejaculatory 
bulb httle developed and epididymis an open convoluted loop 
Vagina divided into a narrow tabular duct and large cylmdroidal 
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OBBcaJ sac, into the outer end of which the oviduct opens dorsad 
to the duct. 

Speciation — A final and satisfactory determination of the 
species of this genus is yet to be accomplished. Earher writers 
based species largely upon geographical separation or upon colour- 
differences. Blanchard’s (1917) extensive studies show a great 
individual variation and intergradation in colour-pattern, and led 
him to unite nominal species (including japonica^ Whitman) 
having a ver^ wide distribution over Japan, China, all parts of 
India, Burma and Ceylon, and neighbouring parts of the continent, 
the Philippine Islands, Malay Archipelago, Sunda Islands, etc., 
under H. ztylmnca Kaburaki (1921) went, perhaps, even farther, 
for, while he follows Oka in omitting H, japomca from his 
synonymy, he includes H, sylvesti'ts, which Blanchard described as 
distinct. The material studied by the writer makes it quite clear 
that the land-leeches of the Indian region are extremely variable 
externally, and that they fall into a number of geographical races 
distinguished by size, colour-pattern, arrangement of head-plates, 
number of sucker rays, etc. Lots from particular localities are 
very much more constant m all of these respects, but grade into 
those from neighbouring and more distant districts, with the result 
that a number of subspecies are recognizable. In addition, there 
are several forms which differ so decidedly and constantly that they 
con hardly be discussed except as full species. These conditions 
differ from those generally appertaining to aquatic leeches, and 
remind one more of those found among terrestrial pulmonates, 
small rodents, etc. What the exact nature of these forms will 
ultimately prove to be remains to be determined. They may 
include ecological varieties, Mendehan segregates, localized muta- 
tions and true morphological species, so far ns present evidence 
goes, or they may be something else Present evidence is m- 
snffioient for a decision, and these questions can be adequately 
discussed only bv someone in a position to study the leeches m 
life and familiar with the complex topographical and climatic 
conditions prevailing in their habitats. 

An interesting fact is that several of the col our- varieties are 
associated with land-plan arians having a nearly identical colour- 
pattern, a resemblance that might be described as mimetic. Here 
are several interesting problems for resident natuialists. 


Key to Species and Subspecies of Indmn Romadnpsoe. 

A. Qonopores separated by five annuh ; auricles 

present 

a. Somite VII S-annulate and VIU 4-annu- 
late. 

5. Purrow-pits obscure, when present on 
IX to ATT; prehensile papilla well 
developed , size small. 

1. Eyes 8 and 4 on contiguous annuh , 
sucker rays usually 71-73 (66-74) , 
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colour-pattern usually mottled, 
with a median doisal light or dark 
stripe, but other patterns occur . . 

2 Eyes 3 and 4 separated by a com- 
plete or partial annulus, sucker 
rays usually 69->'71 (66-74) , colour- 
pattem usually more or less re- 
ticulated or longitudinally cham- 

atiuped 

bb Furrow-pits evident, on VIII to XI or 
some of them, prehensile papilla 
httle developed, 

S. Eyes 8 and 4 separated by a com- 
plete (rarely incomplete) annulus; 
lurrow-pita present but not con- 
spicuous, on VIII, IX and X, 
rarely on XI ; sucker rays usually 
74-76 (69-80), prehensile papilla 
little or not developed, colour 
brown with usually 3 hlack dorsal 
stripes, size larger 

4 Eyes 3 and 4 separated by a usually 
incomplete, rarely complete, an- 
n ulus ; f urrow- pits very conspicu- 
ous on rX and X in white areas , 
sucker rays 86-94, prehensile 
papilla httle developed; colour 
veiy showy velvety-black alter- 
nating with cream or pale yellow 
stripes, the venter led and the 

suckers pale blue 

aa. Somite VII 4-annulate and VIH 6-an- 
nulate 


S zeylanica, p. 226. 


Jff. montanUf p. 269. 


H. aylvestria, p. 276. 


JH" 07 natay p. 284. 
jQT. dusswmeriy p. 291. 


42. Essmadipsa zoylanica Moquin-Tandon. (Plate V, fig. 7.) 

Synonymy : 

Sangumtga zeylamca Moquin-Tandon, 1826, p 120. 

Hii-udo zeylanicay Moquin-Tandon, 1^0, p. 346. 

JECirudo {SeB^nopia?) ceylantcay Schmarda, 1861, p. 3, Taf. xvi, fig. 
143 (colour-varieties ; umcoloTy punctata, vittata and hrunne(^* 
(Ceylon ) 

Samadipsa ceylanioay Tennent, 1869 (1861), pp. 301-304 (text- 
figures of movements, head and teeth). (Ceylon.) 

JEC^emadtp&a ceylanica. Whitman, 1866, pp. 819-849 (in account 
of lapomca, PI xviii, figs. 8 and 9 (colour). 

jScBmadtpaa ceylanioay Blanchard, 1887, p. 166. 

jSeemadipaa zeylanica (Moquin-Tandon), Blanchard, 1894 a, p 6, 
figs. 3-7 ; 1894 o, p. 118 ; 1897 a, p. 86 ; 1897 ft, p. 886. 

jB.<Bmadtma ceylanvoa, Brandes, m Leuckart, 1901, pp. 886-889 
(indudes as colour-varieties those of Schmarda and japonica, 
ViTiitman). 

Hamadipaa zeylanica (Moquin-Tandon), Blanchard, 1917 (in part), 
pp 667-661, text-figs. 2-6 and pi. vii (external morphology 
and variations in colour-pattern, some of which are probably not 
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of this species Gives synonymy, distnbution, variations and 
’bionomics). 

H€Bmadipsa zeylanxca (Moqiun-Tando^, Kaburaki (in part), 1921, 
pp 716, 716 (Includes all Indian HiemadipsBB, of which several 
colour- varieties are recognized Darjeeling, East Himalayas, 
Assam, Central Provinces, Lowei Burma, etc ) 

SiBviadtpsa z&ylanica (Moquiu-Tandon), Moore, 1924, pp. 868, 884. 
(Assam, Nami Tal and Simla Hills ) 

Other synoDymy is omitted. 

I)vagno9fi9 . — Size small, the largest in full extension about 
40inm. long, usually not exceeding 20 mm., very slender, cylin- 
droid, tapenng from the broad sucker pedicel to the head , when 
contracted more depressed and with the maximum width further 
forward. Colour variable; in the typical subspecies with the 
ground reddish-brown, mottled or flecked with black, with narrow 
median dorsal and marginal pale yellow stripes, the former some- 
times greenish ; other races with a ground of various shades of 
yellow and brown to chocolate or even almost black, plain 
or variously mottled or reticulated with black, with or without a 
paler dorsal median field, and very constantly with a narrow 
median dorsal black or dark brown stripe and yellow marginal 
stripes and sometimes with intermediate blotches, reticulations or 
longitudinal stripes of black or brown. Head areas variable, but 
third and fourth pairs of eyes tvpically on contiguous somites, at 
most and only rarelv, separated by a few small areas , median 
areas on head segments absent m typical subspecies but frequent 
in others. Eurrow pits rarely discernible, when present weakly 
developed m furrows a2/a3, of IX to XII Caudal sucker with 
prehensile papiUa usually well defined, variable in size and degree 
of extension and retraction, frequently very prominent and m the 
subspecies coolixmmxa possibly permanently of large size, sucker 
rays usually 71-73. 

Tvpe unknown. Type-locality, Ceylon 

Description — A relatively small and very slender leech, very 
rarely reaching 50 mm. m length m full extension in life. A 
fully extended preserved specimen of the largest size measures : 
len^h, 40 mm. ; length to male pore, 11-3 mm. ; buccal width, 
1*6 mm , width at male pore, 3 mm., maximum width (XXIV), 
4mm.; buccal depth, 15 mm.; depth at male pore, 2 7 mm.; 
maximum depth (at XXI), 3-6 mm ; caudal sucker, 6 x 5-4 mm! 
A large specimen in contraction measures, length, 238mm.; 
length to male pore, 6-5 mm. , buccal width, 8*4 mm ; width at 
male pore, 9 mm., maximum width (XX), 11mm., depth at 
mole poie, 2 7 mm. , depth at XX, 3*4 mm. ; sucker, 6x55 mm. 
The great majority ot preserved specimens are less than 16 mm. 
long These have very little or no blood in the stomach. 

Foi'm in hfe and when extended round and very slender, 

“ thread-like,” or, at most, of the “ diameter of a kmtting needle,” 
tapering verv regularly from the caudal sucker to the buccal ring 
beyond which the head may be somewhat expanded or not • 
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caudal sucker usually exceeding the body diameter somewhat. 
Contracted specimens much more depressed, with the greatest 
width further forward at about XX, the venter flat or shghtly 
concave and the dorsum strongly convex, both cephalic and 
caudal suckers much less than body-width. When fully gorged 
with blood they are very much larger, both in length and diameter, 
and dask-shaped, the cmcal region being distended and stretched 
to the utmost, the preclitellar region forming a narrow neck. 

Head (fig. 69) distinctly triangular, the lip prominently pointed 
in extension, broader and more rounded in contraction, the sides 
convex , unsegmented margin of lip well developed, divided into 
numerous granule-like areas Dorsum of head usually rougher 
than on H. montana^ the tessellro being more prominently elevated. 



Fig 69 — HcBTnadtpsa zeylamca SomiteB I-VI, from doi sum X 26, Somite 
notation on left, annuli on right , stippled band is median yellow stripe, 
oirdes eyes, and oresoeuts other sense-organs 


Ventral face finely granular, sometimes unf arrowed, but usually 
with a pair of longitudinal furrows bounding a pair of lateral 
lobes ; a deeper median fissure extending from the dorsal angle 
of the mouth to the tip of the lip, or more commonly fading out 
in the anterior half, leaving a broad undivided anterior median 
area. Lateral labial lobes broad, rounded ridges extending from 
the margins of the head to the sides of the mouth. Caudad and 
laterad of these are the lateral buccal lobes ending just within the 
sides o£ the lip in two flesliy sub-lobes and with a membranous 
frill along the buccal ring, but less developed than on H, montana. 
Mouth triangular, bounded by the three triangular lobes con- 
stituting the velum. Buccal ring constituted of all of somite V, 
the furrow fl2/ci3, while continued on to the latero-ventral face, 
becoming obsolete in the mid-ventral field. Byes large and con- 
spicuous, on annuh 2, 3, 4, 6 and 8, arranged lu the usual manner, 
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the second pair largest, the others following in the order o£ 1, 3, 
4 and 6. 

Chtellum indicated externally only by a greyish or yellow 
coloration extending over the fifteen annuli, X 6 5 to XIII a 2 
inclusive. Q-onopores both small, round onfices strictly in the 
furrows, the male at XI h5Jb6f the female at XII 5 5/6 6. 
Nephropores seventeen pairs, on the margins immediately anterior 
to the marginal papillae, the first pair stated by Whitman (1886) 
to be on the caudal border of VIII cil, the last on XXIV a 2, 
beneath the anterior lobe of the auricle, and the others as usual 
on 6 2. Anus on XXVII, small, often partly concealed between 
two rather large piojectmg areas of XXVII. Auricles of medium 
size, fitting closely to the dorsal face of the sucker, trilobate, the 
lobes representing the marginal papillsB of XXIV, XXV and 
XXVI a 2, each beanng a translucent, membranous appendage, 
the first largest and projecting forward, the second a mere point, 
and the third a truncated triangle. 

Furrow-pits in this spemes require further study. They are 
rarely discernible, and it is doubtful if they represent anything 
more than a deeper retraction of the fuirows by dorso-ventral 
muscles attached at these points. They appeared on only one- 
fiJth of several hundred examined, in the dorso-intermediate field 
of furrow 6 2/a 2 of somites IX, X, XI and XII. 

Caudal sujoh&r broadly ovate, slightly longer than wide, the 
cephalic border slightly pomted by the prolongation of the median 
pair of rays as a papilla, often slightly hooked ventrad and 
varying greatly in size. This papilla is capable of extension and 
ventral flexion, and vanes much lu size m different specimens, 
lu every one of forty-five specimens from Cochin State it is a 
very prominent triangular process, usually strongly bent ventrad, 
and 18 almost as well developed in the same race from other 
localities. Dorsal surface strongly and roughly areolated, the 
polygonal areas arranged m four and part of a fifth iriegular 
circular rows. Ventral surface with a central depressed areolated 
region, and a strongly ribbed peripheral zone, with from 66-74 
(usually 71-73) ribs ending in small marginal papillss. These ribs 
■are not strictly radial in arrangement, but foim a series of nearly 
symmetrical pairs, most of which pass anterior or posterior of the 
centre. 

Annvlation , — Somites I to IV, weakly annulated owing to the 
irregularities of the areoH (fig. 59). Beginning with V a 3, the 
annuli are clearly defined by deeper furrows and each is divided 
by shallow longitudinal furrows into small moie or less quadrate 
areas bearing small sense-organs, the number in the circumference 
of annuli of complete somites varying between forty-five and fifty. 
The following is the usual arrangement : Somite I consists of two 
or three pairs of small subcircular areas which may be asymmetrical, 
but rarely include a strictly median area, 11, a pair of large 
ocular areas Deanng the first pair of eyes and usually a small 
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post-ocular seuse-orgau, and one or two small margmal aieas on 
each side , a common variation is the separation of this post- 
ocular sensory part as a distinct small area on one or both sides. 
Of one hundred examined for this character twelve showed it in 
greater oi less degree. In cases where these supplementary areas 
are largest they have the effect of displacing the succeedmg 
interocular areas caiidad, resulting in various irregularities, the 
most noteworthy being an apparent incipient biannulation of 
somite IV, the observation of winch condition is probably what 
led Kaburaki to fail to discriminate between this species and 
E 8ylvestr\8. Ill consists of the second pair of oculars, larger 
than the first pair, a marginal or two on each side and one or two 
pairs of mteroculars which present frequent variations and irregu- 
larities. IV, third pair oculars, usually two pairs marginals and 
two or three pairs of mterooulara, the latter being disposed 
typically in a transverse row, but piesenting many variations, 
among them a rare median aiea. V is biannulate, the first annulus 
consisting of the fourth pair of oculars, a variable numbei (up to 
eight) of small maiginals, moie or less in two rows, and usually 
three piurs of mteroculars in a regular transverse row. V a 3 is 
a complete annulus divided mto quadrate aieas perfectly aligned 
and uniting with (a 1, a 2) only in the mid-ventral field Of more 
than two hundred specimens from Ceylon studied, not a single 
one exhibited any areas intercalated between the third and fourth 
pairs of eyes, and only seven had median areas, usually a smgle 
one on II or III, oi between the median pairs of both of these, and 
in one case one in each In two cases one nnd in one case both 
of the paiamedian areas oL IV and V are coalesced into a large 
area extending across both anniili. In only three coses is there 
any indication, and this very nicoinplele, of the subdivision trans- 
versely of the interoculai orea^ of the first annulus ot V. All of 
these areas bear either segmental seiisillee or non-segment al 
sense-organs, which, on the mterociilar areas, are neaily as large 
as the sensillse. 

VI 18 tnannulate (al=a 2=aS) all around, except for a slight 
reduction of a I and a 2 and the furrow^ a J/a 2 in the mid-ventral 
field; fifth pair of eyes on a 2. Vli is quite similar except for 
the absence of eyes and of reduction in the mid-venter VIII 
quadraimulate (a l>a 2>& 5 = & 6). IX quinquammlate (51 = 
52=6 5=6 6<a2) X-XXII qumquannulate (51=5 2=65= 
5 6<a2). On these complete somites the neural annuli are not 
only slightly longer than, but project beyond, the other annuli. 
On the ventral surface the intersegineiital fun owe aio deeper than 
the others, and tlie 3-2 (5 l-i-52-l-a2) (5 6-h5 6) grouping of the 
annuli is often obvious. XXIII is also quinquonnulate, but 5 5 
and 5 6 are reduced (a2>5 1 = 52>55=5 0). XXIV is trian- 
inilate (5 1 = 5 2>a2) ; 51 and 52 aie somewhat shortened and 
united at the margins, a 2 bears the first auncular lobe and the 
last pair of nephropores, and a 3 is suppressed. XXV and XXVI 
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are uniannulate, each bearing an auricular lobe and the dorsal 
seiisilleB. XXVII is uuiannulate, very small, luclndes the a^iua,. 
and may unite with XXVI at the margins. 

The areas on the complete somites are less elevated than on the 
head and caudal region, but appear rougher than on the corre- 
sponding region of H. moniana, SensilJro are six dorsal and six 
ventral pans, the marginals being absent The dorsal paramedians 
and intei mediates, though well developed, are less elevated on 
papillfiB and less prominent on the Ceylon subspecies than on some 
of the others. I)uiing life the white or pale colour makes them 
conspicuous. 

Colour . — ^Living colour (PI. IV, fig. 7) of the typical Ceylon 
pattern a nch reddish-hrowm both dorsally and ventrally, finely or 
coarsely spotted with black, geueially more profusely towards the 
margins and on the borders of the median line. Narrow median 
and paired margiual stripes of pole bnght lemon or yellow both 
continuous for entire length and flanked more or less by black 
flecks. Auricles nearly colourless and ventral faces of suckers 
dusky. {SensillBB appear as whitish or colourless points. Schmarda 
has described uniform brownish and yellowish-grey varieties from 
Ceylon, and Blanchard, Kabiiraki, et al , other varieties from 
elsewhere. Of about eight hundred specimens from Ceylon 
examined by me all hut one are of the typical pattern. The black 
mottling 18 sometimes so heavy that collectors have described the 
living colour as black or chocolate. Preserved specimens more or 
less faded buff or reddish-yellow, the m armth of the shade differing 
individually, generally slightly less reddish on the venter and in 
preclitellar region A narrow median doisal field, slightly palei,. 
free from spots and on all of these specimens lacking a median 
dark stripe. Marginal stripes clear pale yellow Elsewhere on 
the doisum a pair of broad lateral fields, and on the venter the- 
eutire surface, marked more or less thickly with u regular, spraw ly, 
black, dusky or dark-brown spots, sometimes confluent, and without 
any obvious plan, usually somewhat less numerous on the venter,, 
and on both surfaces variable in size. Ou the dorsum the spotted 
areas usually extend from the third pair of eyes to the sucker , 
on the venter from the post-buccol to the sucker Nephridial 
auricles and immediately surrounding area pale and unspotted. 
Ventral faces of both suckers gi’eyish, unspotted This is the 
typical zeylamca pattern which appeals to be absent or raie on 
the Asiatic continent, where it is replaced by closely related 
forms tentatively designated as local races and subspecies- 
described beyond 

Digestive System — Jawstbiee, short, high, very strongly convex, 
narrowly compressed, without papillet'. Teeth 71 to 76 ou median 
jaw, 68 to 72 on paired ; the largest about 0 0235 mm by 
0 0053 mm., eleuder, acutely conical, slightly curved with small 
bilobed bases ; the others tapering, by the gradual reduction of 
the point, until nothing is left but the basal pieces m distichous 
senes. Pharynx occupies the full length of VIII and IX, and is 
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broadly fusiform or siibcylin ducal, with, six broad, thick, longi- 
tudinal folds, which in some specimens are much larger than in 
R, monta)ia Stomach with a single pair of croca lu each somite 
from X to XIX inclusive, the first mne pairs confined within 
their somites, simple, unbranched, and scaicely lobate, the last 
re flexed by the aide of the intestine and reaching to XXIY, more 
or less sacculated. 

Reproductive System . — Testes ten pans, XIII/XIV to XXII/ 
XXUI, inclusive, situated as usual, spheroidal, about 0’5 mm. lu 
diameter in mature examples, each with a brown botryoidal spot. 
Yas deferens much folded and irregular with glandular covering, 
extending forward to ganglion XII, becoming very slender and 
arching medio-caudad to join the anterior end of the lateral limb 
of the epididymis. Epididymis a loosely folded, widened, 
U-shaped mass of the sperm-duct extending thi'oiigh part of 
somites XI and XII by the sides of the atrium and vaginal sac. 
The lateral limb receives the vas deferens, and the medial limb 
ends anteriorly in the highly lustrous ductus ejaculatorius, 
which includes a small fusiform bulb and opens by a short, narrow 
duct into the enlai'ged prostate region of the atrium Atrium as 
usual in the genua, small, pyriform, scarcely rising above level of 
the nerve-cord, deeply buned along mth the atrial cornua and 
diicti ejaculatorii in a loose mass of unicellular glands. Penis- 
sac short, narrow and tapered; pioatate spheroidal and smooth. 
Ovisacs on each side of nerve-cord in caudad end of somite XII. 
As is the case with the diicti ejaculatorii, either oviduct may pass 
beneath the nerve-cord. No distinct albumin gland. Common 
oviduct slightly tortuous, on dorsum of vaginal duct, and opening 
close to it into the anterior or distal end of the vaginal sac, a 
prominent papilla on the inner surface of the latter marking the 
point of entrance. Owing to this relation the vaginal sac 
approaches the ceecal form of Rii'vdviuvna Its size and pro- 
portions vary considerably, but generally it is short, subcylindiical, 
or sausage-shaped, about tv ice as long as wide and reaches to the 
caudad end of XYI. Yiigmal duct narrow and perfectly straight, 
passing from the end of the sac ventral to the entrance of the 
oviduct, directly to the external bursa ; diameter about one-tenth 
length, which is about one-third length of sac. 

Geograp}i%cal Distribution and Bionomics . — As comprehensively 
understood by Blanchard (1917), Kabiiraki (1921) and others, 
this species has an extensive range throughout south-eastern 
continental Asia and the Oriental islands from Japan on the north 
throughout the Philippines to the Malay Archipelago and neigh- 
bouring island groups This range covers 60° of longitude and 
60° of latitude, and reaches from sea-level on Ceylon to above 
12,000 feet in the Himalayms. Obviously many of the references 
included by these authors are to forms other than the species as 
here understood, but I am not prepared to discuss them critically 
at the present time. 

Within the geographical limits of the present book the typical 
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subspecies appears to be confined to the island ot Ceylon, not a 
single example occurring in the extensive collection of land- 
leeches from most ports oP the Indian mainland. On the other 
hand, every one of upwards of eight hundred Ceylonese epeciiiieuB 
conforms to the diagnosis oP this subspecies. Both Tennent and 
Schmarda refer to a second species, the occurzeiice of which 
Whitman denies, and of which I find no evidence whatevei. 
Land-leeches are abundant over a large part of the island and 
especially so in the low, moist hill-coiintr}". Tennent (1860, 
p. 302) states they are not fiequent in the plains, which are too hot 
and dry for them, but amongst tlie rank vegetation in the lower 
ranges of the hill-country, which are kept damp by frequent 
showers, they are found in tormenting profusion. 

Schmarda (1861, p. 3) reports them as found in all parts of 
Ceylon both on the plains and in the mountains to 3000 feet, 
rarely above, Haeckel’s statement, already quoted (p. £45), is in 
accord with this. Whitman has a MS. note to the effect that in 
Ceylon their range does not much exceed 4000 feet, and there is 
much other testimony to the same effect. If these statements are 
entirely reliable, it is probable that these leeches have recently 
extended their vertical range, for not only are there many speci- 
mens from Galle and Colombo, near the coast, and from moderate 
elevations at Kandy and Perademva, but there are also ivo Jots 
from higher altitudes: Pattiola, 6200 teet, and Horton Plains, 
7000 feet, both collected by S W. Kemp iii December 1913 and 
both taken from frogs. In addition there is the following direct 
statement of Petch (1919, pp. 79, 80)* — “ While leeches drive one 
from the jungles of (say) the Ratnapura District, the up-country 
jungles are generally free from them. But a clo^e acquaintance 
with the country around Hakgala during nine years lends to the 
conclusion that they are gradually migrating iijiwaid In 1906 
the first leech in the Hakgala was found at the bottom ot the 
valley below. In 1909 they had gradually extended their lange 
until they were abundant m the last lavine bounding thegai'dens, 
and remained abmidnnt at that point. In 1912 they Veie common 
below the laboratory in gi’ass, but not at the Bungalow (elevation 
6500 ft.). In 1913 one was found above the Bungalow ” 

While numerous accounts of the intolerable pests that these 
leeches are in Ceylon have been given by visitors to that island, 
and while far more is known of this than of any othei land-leech, 
our knowledge is still very far from complete. Nothing has been 
published conceruing its breeding habits, and we are almost as 
ignoi*ant of its seasonal changes m habits, its precise method of 
locomotion, its informing senses and various other aspects of its 
behaviour and natural history. Among the best of these accounts 
are those of Knox (1681, pp. 48, 49), Davy (1821, pp. 102-105), 
Tennent (1859-1861, pp 301-305 and 479-483) and Haeckel 
(1883, pp. 138, 139). !fecellent compilations from these and other 
sources are given by Whitman (1886, pp. 319-349), Shipley 
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(1916, pp. 176-181), and Blanchard (1917, pp. 667-661), m 
addition to much new matter relating to H, japomca, \;hicli 
Blanchard considered identical withthepresent species. Whitman,, 
in the best account of the structure and activities of a laud-leech 
ever given, adds ^ome personal observations made dunnga Aisit to 
Ceylon. 

As Haeckel’s account is far less known than the others a few 
additional extracts may be quoted: — “When they have sucked 
tlieir fill they are about as large as an ordinary leech ; bnt when 
fasting they are no thicker than a thread and scarcely more than 
half an inch long. They wriggle through the elastic texture of a 
stocking with the greatest lapidity. Often the bite is felt at the 
time, but as often it is not. ... To deter the leeches from biting 
and to cure the wounds lemon juice, carbolic acid and alcohol are 
recommended. The result of the bite is very different with 
different persons. Those who have a tender skin — and I am 
unfoitunately one of them — feel a painful throbbing in the wound 
for some days, and a more or less disagreeable mflamination ot the 
surrounding skin. As the leeches by preference attack these 
mfiamed and irritated spots with fresh bites, the wound by 
constant aggravation often becomes so serious as to be even 
dangerous. When the Enghsh seized ICandy in 1815 tliey had to 
toil for weeks Ihroiigh the dense jungle of the damp hill-country, 
and they lost a great many men from the incessant attacks of 
swarms of leeches. In neighbourhoods which are most infested by 
them the Europeans wear leech-garters, as they are called, as a 
protection — high overalls of India rubber, or of some very thick 
material which cover the shoes and are secured above the knees* 
I protected myself m the jungle by painting a ring of carbolic acid 
round above veiy high hunting boots, and this line the leeches never 
crossed. In some parts of the island, however, the swarms of 
leeches make any long stay almost impossible.” 

To most persons the bite is quite painless, and often they becomo 
aware of the attacks of the leeches only by seeing the blood flowing 
or, as Tennent states, actually welling over the tops of the victims’ 
boots. Others mention a slight or even a severe and prolonged 
itching and others a sharp pain. There is much testimony con- 
cerning the frequent infection of the wounds. Eor example,. 
Tytler (1826, pp. 375-377) describes cases of deep-seated ulcers 
resulting in permanent crippling as a consequence of bites. 
Shipley (1916, p. 181) quotes Dr. E. J. Drummond as stating 
that “the bite is often septic, and that it often leads to a serious 
abscess which is long in healing. He recommends pushing a 
match, which has been dipped in carbolic acid, well home into 
the sinus made by the leecli's head.” And many writers and 
physicians practicing on the i*iland mention similar cases. How 
far the infection is primary and how far the result of scratching 
or other later contamination, seems never to have been investi- 
gated. 
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All observers are a unit in describing the ability of these leeches 
to penetrate the most eloselj-woven tabncs. This is attributed 
to their slenderness, pointed heads and great muscularity, which 
enables them to insinuate themselves through the finest interstices 
or minutest openings Probably an important additional factor 
is their ability to sever obstructing threes with the jaws. Their 
prowess in this respect is attested by Green {1907, p. 191), who 
writes — “ I happened to imprison a full-grown leech in one of 
the glass-topped c*irdboard boxes commonly employed by entomo- 
logists. Twenty-four hours later, the leech was found to have 
escaped through a hole perforating the double stout card (fully a 
millimetre in thickness). The hole measured 10 mm. in longest 
diameter and was cleanly cut, the excised portion having apparently 
been reduced to powder.” 

Besides Man and the domestic animals the Ceylon leech is 
reported as attacking frogs, but doubtless they stop at no verte- 
brate that offers a meal of blood. Prof. Arthur Willey writes 
ithat they outer the nares of dogs. Several observers report that 
a considerable length of time (Whitmau says thirty or forty 
minutes for the Japanese leech) is required to feed. They swell 
up like ticks to the form of a grape, fall o% seek shelter, and 
become sluggish and quiescent. Miss Eobertson (1909, p. 679) 
states that all land-leeches found abroad in the jungle are empty. 
Those containing blood are never met with. This indicates that, 
like other leeches after feeding, they become negatively photo- 
tactic and retire to places providing darkness and shelter. Only 
hungry leeches range and rage abroad Whitman states that after 
feeding they enter water more readily, and that a Ceylon leech 
was kept immersed m water for thirty days without injury. 
Their dependence upon moisture and their disappearance in dry 
weather are weU known. Tlius Knox (1681, p. 48) states : “In 
-dry weather none of them appear ; but immediately upon the fall 
•of rain the grass and woods are full of them.” It may be that the 
change in range indicated above is related to increasing humidity 
m the area invaded. 

The above nccount is based upon the examination of o\er eight 
hundred examples of the typical subspecies received from Ceylon 
through various sources. This subspecies very rarely, if ever, 
occurs on the Asiatic mainland, but it is abuuclant in the Philip- 
pines. S', japonica is probably a subspecies only, unless Prof, 
Whitman’s original material included B])ecimens of E. sylvestris^ 
as his account of the number of teeth, the colour-pattern, etc., 
indicates may have been the case. In this case there would be 
some uncertainty concerning the apphcatiou of the name. In any 
event, some examples of the common Japanese mountain leech 
sent by Prof. Oka certainly differ from E zeylanica only sub- 
specifically. 

The distinct forms recognized as occurring within the scope of 
this book are as follows . — 
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Key to Siihs^ecies of Ecmcidiysa zeylanica. 


These characters will serve to distinguish at least 96 per cent. 
o£ the individuals taken within the typical areas; the others may- 
be intermediate in one or more lespeets. 


a. Prehensile sucker papilla large and prominent, 
apparently a permanent stiucture. 

1. Head tessellae irregular and variable, median 
ones frequently present and more raiely traces 
of areas between eyes 3 and 4 , colour-pattern 
mottled with black above and below, no paler 
median dorsal held, hut constantly a black or 
dark stiupe. Cochin State and vicinity . . . 
aa Prehensile sucker papilla constantly present, but 
varying greatly in size and prommence, ap- 
parently with functional activity No areas 
intercalated between eyes 3 and 4, except as a 
rare vanation 

h A. median doisal yellow or gieemah-yellow line 

2 Head tessellee very legulai, median aieas nearly 

constantly absent and aieas intercalated be- 
betweeu eyes 3 and 4 \6ry rare , colour usually 
reddish -blown oi orauge hut van able, very 
constantly mottled with black. Ceylon . . 
bb, A median dorsal black or dark line very constant, 
in a paler median held 

3 Median head tessellee very frequently present, 

but no areas between eyes 3 and 4 . ground- 
colour ^ ariable, but dark-blotched pattern cou- 
staut Western Himalayas (Nairn Tal) . . . 

4 No tetfsellae on median Ime of head or between 

eyes 3 and 4 ; grouiid-colom voiiable aud dark 
spots 01 blotches absent or obscuie. Eastern 
Himalayas (Dai^jeehng) . 


cochimana 


zeylamca. 


agihs 


7nontivindict8, 


H. zeylanica cochiniana, uew subspecies. (Plate IX, hg. 36.) 

Diagnosis. — Size and form, general external morphology and, 
when rarely present, furrow-pits as lu zeylamca Ooloui mottled 
on both faces, no paler median dorsal held or line, but constantly 
a median dore^ dark stripe. Tessellse on head commonly irregular, 
median areas much more frequent than in zeylamca^ occurring 
on one or more somites of twenty-two specimens and forming 
a complete senes on one. Some traces oP areas intercalated 
between the third and fourth pairs of eyes occur on more than 
fifty. TJeually these are faint and little developed, and m many 
•cases it IS impossible to decide whether they should he assigned to 
ly or to Y, but m three cases there is a nearly or quite complete 
transverse row approaching the condition chaiactenstic of H. 
montana and K sylvestns^ but obviously repiesentmg IV a3. 
The most striking characteristic is the large size of the prehensile 
papilla. It 18 prominent in every one ot seventy-four specimens 
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and very prominent on nearly all, being a large, triangular, sliaip- 
pointed process strongly hooked or bent ventrad and having every 
appearance of being a permanent structure and not in large pait 
a facultative one as in other subspecies. Sucker rays 66-74. 

Type in Indian Museum. Elavalai, Cochin State (F. M. Gravely)^ 
Sept. 24, 1914. 

Common in extreme southern portion of India, Cochin State, 
Nilgins JJiUs, Madras, N. Konarn, Bombay, and a few specimens 
have a locality named Tenmaiai, which I have been unable to 
locate Taken from near sea-level to 3500 feet. Nothing speci- 
heally is known of its habits and oecology, which probably do not 
differ from those of the Ceylon form. It would be interesting to 
learn whether the highly developed prehensile papilla is corre- 
lated vvitli greater facility in climbing trees or similar activity. 


H. zeylanica agilis, new subspecies. (Plate IV, fig. 6.) 

Jhag'iiosig, — Size, form, annulation and general morphology like 
zeylamca. Colour in life light olive, yellowiah-olive, oi brown 
with a broad, dorsal, paler and usually immaculate Held and a 
continuous median black or dai k-brovvn line , elsewheie irregularly 
maculated as in coc7n7nana but the spots, usually coarser and moie 
variable both in number and size ; venter similar but paler, mar- 
ginal stripes pale yellow, white or even silvery. Head tessellsB as 
m zeylanica, except that median aieas are more frequent in some 
lots ; thus, one lot of 153 specimens exhibits a median area on 
either III or IV or both of 72 specimens, or very nearly one-half, 
but not a single one has intercalated areas between the third and 
fourth eyes. Purrow-pits rarely apparent, but small depressions 
occasionally on IX to XII as m zeylanica ; pale spots, however, 
frequently appear at these points. Prehensile papilla variable, 
about os in zeylamca. Sucker rays 66-76 Dorsal intermediate 
and paramedian, segmental papillae very prominent and pale- 
coloured, as m TnmUvindtcie and ja^pomca, larger than in zeylanica 
and coi^iniana. 

Type in Indian Museum (ZEV 4034). Sliigadh, Nairn Tal, 
5600 feet 

This subspecies is the common land-leech of the Western 
Himalayas, very abundant in Naim Tal and Almora. 426 speci- 
mens come from these two districts at altitudes of 4600- 
7000 feet, only four specimens from the Nepal Valley at 4500- 
6600 feet and none whatever were found among a large number 
of land-leeches from the Darjeeling District. Mr. B. Priishad 
notes their abundance about the Xumaon Lakes at 6500 feet, and 
Mr. A. N. Gnlati writes that “grass leeches’* abound in the 
cattle pastures and jungles near Muktesar, their upper limit being 
about 7100 feet. They attack the grazing cattle but do not enter 
their nostrils, and he refeis to them as “jumping” on his boots 
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and leggings. All of the specimens iii the collection were taken 
111 August, September, and October, and lery little of tlieir 
activities IS recorded 


H. zeylanica montivmdicis, new subspecies (Plate V, fig 8- 
IX, fig. 37.) 

Diagnosis, — Size, form, aunulatiou and general morphology 
like zeylanica, Coloui in iite olive-brown, reddisb-brown or 
yellowish-brow'n, occasionally very dark; mid-dorsal field paler, 
witli a continuous daik brown or black median line , black spots 
usually absent, but a tew obscure ones sometimes present , rounded, 
pale yellow oi cream-coloured spots include the paramediau and 
intermediate sensillse , maiginal stripes pale yellow, cream- 
coloured or nearly white. Head tessellsB as lu zeiflamca, median 
areas very raiely present and areas between third and fourth eyes 
in one oE 176 specimeus Puriow-pits ns in last. Prehensile 
papilla more or less developed as in zeylanica , sucker rays 69 to 
76 or rarely 79. Paramediau and mtei mediate segmental pnpilloe 
very prominent and pale-coloiired. 

Type m Indian Museum (ZEY 2268). Sureil, Harjeehng, 
6000 ft. {A, Alcoch), 

Qeographiuil Distnhution and Bionomics — Tins is the small dark- 
coloured land-leech that so abounds in the damp ravines and 
dnpping forests of moderately high levels in the Darjeeling 
District, Sikkim and Assam, and which is referred to resentfully 
by so many harraased travellers who have invaded its domains. 
Numerous small lota from many localities m this region attest to 
its abundance and general distribution. The lowest eleintion 
definitely represented is 1800 feet at G-hnmti, the highest 
9500 feet in the Eongshnr Yalley, where it waa taken by Major 
Kingston on the 1924 Mt Everest Expedition. Hooker traced it 
still higher to 11,600 feet in the Zemii Yalley. It appears to be 
most abundant between 4500 and 7000 feet. In the Dawna Hills 
it is common between 2100 and 2600 feet At the higher 
altitudes it is associated with H. montana and with similarly 
coloured land-planarians and at the lower levels m Assam with 
H, sylvesins. 

So far as the labels indicate, the collectiona were made from the 
latter part of March to early November In three different cases 
those taken m March are referred to as “ under stones in dry bed 
of stream ” or “ under stones by side of spring ” Of one lot taken 
April 4th It 18 recorded that they were under stones on damp 
ground. No similar records are made for any other months Of 
one lot taken at Kurseong, Daijeeling, on April 20th, Dr. Aunau- 
dale notes: “Prom men’s legs m jungle This is the common 
land-leech at Kurseong. In dry weather it remains concealed 
under stones m damp places, but duilng the rains it swarms 
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amoug the herbage in the jungle, attacking the teet and legs of 
persons as they pass by.” 

Three egg-capsules taken along with mature examples (having 
well-marked clitella) ot this subspecies are the only cocoons ot 
any ot the fornit of this species that have come to light. They 
were collected at Pashok, Darjeeliug, at an elevation ot 5000 feet 
between May 26th and June i4ili by P. H. Giavely. They are 
nearly spherical with an external diameter of S-U’S mm., the 
inner capsule being about 6 mm. and with a continuous wall, 
the outer layer composed of about thirty-five coarse, irregular 
polyhedral “ cells ” open at the outer ends; colour pale brown 
or ainbei (PI. IX, fig. 37). 

It IS to this subspecies that Hooker refers in the passage quoted 
on p. 244, and of which he further writes: “I cannot but think 
that the extraordinary abnndance of these Auehdes in Sikkim 
may cause the death of many ainmals. Some marked murrains 
have followed very wet seasons, when the leeches appear m 
incredible numbers ; and the disease in the cattle, described to me 
by the Lepehos as in the stomach, m no way differs from what 

leeches would produce I have seen cattle feeding in places 

where the leeches so abounded that fifty or sixty were frequently 
together on my ankles, and ponies were almost maddened by their 
biting the fetlocks ” (1854, i, 167, footnote). At Tanglo he 
reports a small black species of land-leech as swaiming between 
3000 and 7000 feet. “ The bite of these blood-suckers gives no 
pain, but IS folloued by a considerable effusion of blood. They 
puncture through thick worsted stockings and even trousers, and, 
when fall, roll in the form of a little soft ball into the bottom of 
the shoe ” (p 107). London (1905, p. 49) attributes the absence 
of game from pai’ts of Sikkim to the abundance of land-leeches 
and also accuses them (possibly erroneously m confusion with 
the cattle-leech) of habitually entermg the nares of the cattle. 
He writes ' “ To remove them a bowl ot warm milk at the cow’s 
nose, a little shp-knot, and a quick baud are all that is required.- 
Pourteeii or fifteen successively have been thus taken from the 
nostnls of one unfortunate heifer.” Hooker recommends snuff 
and tobacco leaves as a protection against them 

These four subspecies are well defined and charactenstic of their 
geographical areas. Practically all of my material falls under 
them. Yery few land-leeches are available from the adjacent 
areas, but the few E. zeylaiiica collected in them mostly prove to 
be intermediates, thus supporting the view that the four forms 
described are subspecies. This question, howevei, requires much 
further study. In addition there are three siogle specimens from 
Simla Hill States, Darjeeling and Dawna Hills that differ from 
any of these and from one another, the status of which must be 
left open for the present. 
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43. Hfemadipsa montana, new species (Plate IX, figs. 38, 39, 

40.) 

Synonymy : 

Hcemadtpsa sylvestnsf Moor^ 1924, pp» 384, 386, pi. xx, fig 19 
(Palui Hills, Madras) Not So&madipsa syh)esi}'%8y Blancnaid, 
1894 

Hcemadtpsa zeylanioa^ Blanchard, 1917 (in part). 

Heemadipm zeylantca, Elaburaki, 1921, et ai (in part) 

Diagnosis, — Size and form about as iii H, zeylanica^ but sucker 
relatively somewhat larger. Living colour unknown, but probably 
differing from the preserved colour chiefly in being redder. Colour 
of preserved specimens yellow to rich buff, rarely with a paler 
median dorsal field and sometimes varying to a golden-brown, 
chocolate or even almost black. Markings variable, consisting 
chiefly of bold longitudinal stnpes. Median dorsal black stripe 
and pale yellow or white marginal stripes, enlarged ventrally on 
a 2 of every complete somite, constant One or two pairs of 
black or nearly black intermediate cham-stnpes or a black 
reticulum, and a black submarginal stripe usually present. Third 
and fouith pairs of eyes separated by a nearly oi quite complete 
transverse row of areas representing Y a 1 *. Caudal sucker with 
prehensile papilla slightly developed and 68-74 rays. Other 
characters as iii the mountain forms of H. zeylamxoa. 

Type in Indian Museum. Near Kukkal, Palni Hills, Madi'as, 
6600-6500 ft. {S, Kemp\ Aug, 31, 1922 

Desmption. — Mature, partly extended, individuals vary from 
14 mm. long by 18 mm. wide and 15 mm. deep to 30 mm by 
3‘4 mm by 2*9 mm Contracted specimens are much wider and 
more depressed, one such measuring 14 7 by 4 8 by 3*6 inm. 
Complete measurements of a medium-sized specimen in a state ot 
moderate contraction are . length, 19 mm. ; length to male pore, 
4'8 mm., buccal width, 2*2 inrn.; wudth at male pore, 4 mm.; 
maximum width (at XXII), 4 6 mm., depth at male pore, 2 8 mm ; 
depth at XX, 3‘ 1 mm. , caudal sucker, 4 6 by 4*9 mm. A specimen 
of the same size as the latter, but fully distended with blood, 
measures 35 by 11 by 6 mm., the sucker being 4-6 by 5 mm. 
Others filled with blood meaauie up to 42 by 15 by 11 mm. 

jPo 7 *ni in extension slender, subcylindrical, little depressed, 
tapering regularly near caudal end, or in life even hnear and 
thread-like , in the latter condition both suckers often expanded. 
In contraction much more depressed, with the maximum width 
further forward. Texture very firm and hard, far less plastic 
than most jawed-leeches, owing to the great development of the 
muscles and the reduction of botryoidal and connective tissues. 

* In a recent paper (1924, p 384) I designated this annulus as IV a 3, 
following Blanchard in asaigumg it to the preceding somite, and it is possible 
that tins 18 the correct interpretation, as it conforms to tlie general rule of 
somite elaboratiou 
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When filled with blood tliey are bottle- or flask-shaped, somites 
I-VIII forming the unenlarged neck and the cfBciferous segments 
the distended body 

The hecfd (fig 60) is ordinarily tiian^lnr and pointed, but on 
contacted specimens is broadly rounded into the lateral outlines 
of the body. The unsegniented margin is unusually wide and 
apparently very mobile, granular, and bears numeious labial 
sense-organs. Dorsum of cephalic region very strongly areolated 
of rounded tessell®, much more prominent than those on the 
body generally, and arranged in transverse rows repiesenting 
the aunuh and somites. Eyes five pairs, similar to those of 
E. zeylantca but apparently not qmte so prominent, borne on 
areas much larger than those not eye-beanng. The first three 
pans of eyes on the contiguous annuli 2, 3, 4, the fourth on 6 
and separated from the third pair by a nearly or quite complete 
row of annuh coustitutmg the fifth annulus (Y a 1), and the fifth 
pair on annulus 9. 



Eig 60 — H(S7}iadipsanwntana, Somites 1-VI, from doreum x 12 Irregular 
stippled arens are the begmnmg of the paired ohain-stnpes , stippled 
cylinders, eyes and small circles, other sense-organs 


Ventral face ot lip and roof of oral chamber either smooth or 
finely granular, with only very shallow, longitudinal furrows, the 
median fissure limited to the caudal half, becoming deeper and 
wider as it merges with the median jaw recess. Lateial buccal 
lobes within the buccal margins ot the cephalic sucker, but 
sometimes pi o]ecting prominently. Specimens with the mouth- 
parts more relaxed present the tollowing conditions: — There is 
an anterior medial trapezial or keystone-shaped, finely granular 
or wrinkled area, sepai-ated laterally and caudally by a pair of 
shallow farrows, from smooth, elongated lateral areas which 
extend obliquely from the border of the lip at somite HI, where 
they are very narrow but gradually become broader, to the median 
fissure and paii’ed lobes of the velum. A pair ot deeper farrows 
bounds these areas latero-caudally and separatee them from the 
lateral buccal lobes formed by somite IV. Lateral buccal lobes 
triangular, with the apex at the lateral angle of the mouth and 
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the base projecting as two fleshy lobes just within the sides df the 
buccal ring; divided into two lobes by a furrow and continued 
along tlie buccal ring by a free fold or frill. Ventral or basal 
side of velnin a small, tumid lobe enclosed within the buccal ring. 

Olitellum visible externally only as a greyish or yellowish 
coloration extending over the fihteen annuli from X 65 to XLEI 
a 2 inclusive. Q-onopores separated by five annuli, the male 
at XI b 5/6 6, the female at XII 6 5/6 6, both strictly in the 
furrows and simple, small, lound orifices. Nephropores mostly 
concealed in the furrow’s, but situated, as m IT, zeylanica^ on the 
marginal line of the caudal border of annulus 62 or its homolog, 
of somites XI to XXIV, the last pair beneath the anterior lobe 
of the nephndial auricle. Nephridial auricles conspicuous both 
on account of large size and pale colour, trilobate, supported on 
XXIV a2 XXV, and XXVI, the first and last being broad and 
truncate, the middle one much smaller, narrow^ and pointed. All 
three are thin and flat and fit closely to the sucker, leaving 
between them two small rouuded openings. Anus a minute 
opening between tlie last annulus and the sucker. Caudal sucker 
relatively slightly larger thau on H, zeylamca, little exposed 
behind the body, roughly areolated aboie, the area in 4 or 5 
rows, slightly longer than wide, with a slightly pointed projection 
(prehensile papilla) anteriorly, the venter with strongly marked 
radiating ribs, 69-71 (m two individuals 74, in one 68) not 
extending into the aieolated area caudad of the centre. 

Annvlation m general closely similar to that of H. zeylanica, 
the furrows deep and the rings prominent and outstanding; 
aieolated bub less prominently and roughly than IT, zeylamca^ the 
areas being marked out by short longitudinal furrows, but except 
on the head and caudal sucker not prominently elevated. On 
middle somites there are about fifty of these areas on the entire 
circumference of each annulus, equally dorsal and ventral, and 
each bears a small, white, simple sense-organ On sensory annuli 
the metameric seusilloB stand out conspicuously, both because 
of the larger size and conspicuous white or pale colour of the 
papillffi and because of the size and contrasting translueeiicy of 
the sensillsB themselves, Tliey aie of the same number and 
arrangement as in H. zeylamca^ both dorsally and ventrally, 
and the dorsal paramedian and intermediate papillee are of 
especially large size and prominence. Not infrequently on the 
ventei nf contracted specimens the mter-segmeutol furrows are 
cbvioiisly deejier than the others, and the annuli fall into the 
primary 2-1-2 groups or even the 3-2 groups, as indicated by 
the depth of the furrows. On complete somites the sensory 
annuli (a 2) are not only longer than the other annuli, but project 
above them, and this, combined with the large size and pale colour 
of the segmental papillro, gives to these aunuli a striking pro- 
minence, less marked, however, than in H zeylanica montivindiais 

Somites^ with the exception of V, are constituted essentially as 
m H. zeylanica^ as follows : — 
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I consists of a preocular row oE four to six small areas and 
presumably the apical portion of the wide unsegmented margin 
of the cephalic sucker. II consists chiefly of a pair of enlarged 
areas beanug the first pair of eyes, which are usually in contact 
medially but sometimes separated by a small mterocular area or 
two, as m the one figured ; also an indefinite group of one or 
more small areas laterad of the eyes. Ill has a pair of still 
larger oculiferous areas lu agreement with tlie larger size of the 
eves, a small lateral group similar to that of II, and an inter- 
ocular group (rarely incomplete) consisting of a pair of areas of 
moderate size bearing the paramedian sensillse, and in most cases 
one or two small areas \ariouBly arranged in tandem between the 
latter, all of these forming an irregular transverse row, IV 
consists of a pair of oculiferous aieas somewhat smaller than 
those of in and bearing the third pair of eyes, a scarcely inferior 
pair bearing the paramedian sensillee and, alternating with these, 
smaller, median, intermediate and marginal areas, the first two 
nearly always consisting of two in tandem, the last of two trans- 
verse rows of varying number. One of the lateral group bears 
supra-marginal sensiUee. In this arrangement somite IV exhibits 
an incipient biannulate constitution. Y is definitely biannulate 
and iiicipientlv triannulate on the dorsum, and forms the buccal 
ring ventrally ; a 3 is the first definitely dial met annulus, and the 
furrow separating it from the larger anterior annulus continues 
well on to the venter, but disappeais in the median field. 
Throughout it is divided into very regular squarish areas, less 
convex than those on preceding annuli, and each bearing a small 
sense-organ. The first annulus of V consists of a pair of oculi- 
feroua and a pair uf paramedian senailhferous areas occupying 
the entire length of the aniiulua The remainder of the annulus 
consists of a complete transverse low of small irregular areas of 
various sizes extending across the entire width of the posterior 
part of the annulus, which, with the oculiferous and paramedian 
areas, may be considered to represent a 2, and an anterior and 
still more iiTegukr and variable row representing a 1. The most 
constant element of this latter row is the portion laterad of the 
paramedian area and extending between the third and fourth pairs 
of eves and laterad of the latter to the sides of the buccal nng. 
Almost equally constant is a median group, often sharply distinct 
from the posterior row, and consisting of a pair of rather large 
areas bearing sense-orgiins approaching the paramedian sensilhe 
m size and usually separated by one or even two much smaller 
areas. There is much variation m the exact arrangement and 
number of these, and m some cases theie is uncertainty whether 
a given area should be attributed to IV a 3 or Y a 1. Somite VI 
is tnanriulate (al=a2 <a3), the furrow alja2 continuing on 
to the ventral side, but becoming very shallow in the median 
field ; fifth pair of eyes and a full set of dorsal and ventral 
senaillsB on a 2. VII similarly tnannulate. VITE quadrannulate 
(al>a2>65=66); full number of areolee developed on this 
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somite. IX-XXni quinquaunalate (6 l = 62<ft2 >65=6 6). 
On XXIII, 6 6 and 6 6 are somewhat reduced in size and the 
farrow is shallower tlian on preceding somites. XXIV tnannu- 
late (6 1=6 2 < a 2), a 3 appaiently being entirely suppressed, as is 
indicated by the position of the sensillss on a 2, the seventeenth 
pair of nephropores on the caudal margin of 6 2 beneath the first 
lobe of the nephridial auricle, which is borne on a 2, and the 
distribution of pigment. XXV, XXVI and XXVII each uniannu- 
late, all bearing seusiHsB and the first two the second and third 
lobes, respectively, of the nephridial auricle, which may have 
arisen out of the marginal senaiUiferous papills. XXVII is 
much reduced and precedes the very small anus 

Colour . — Living colour unknown, but probably differing chiefly 
m being redder. Colour of preserved specimens variable, partly 
blotched, partly striped and partly a combination of these 
patterns One lot ot specimens from the Palm Hills presents a 
very heavily blotched or reticulate pattern ot brown and yellow, 
the general effect being darker or lighter according to which 
predominates. When dark the groiind-colonr is a iich medium 
golden-brown, chocolate or almost black, when pale it is buff or 
yellow, the spots being the reverse, and in no case is there a paler 
median field. Pigmentation is usually heavier toward the caudal 
end and lighter on the venter. Marginal stripes are very pale 
yellow or white and widen irregularly on the sensory annuli to 
include the submarginal and sometimes the supra-marginal sensiU©, 
invariably ceasing at the end of XXIII, but represented by a 
white or pale yellow spot on XXIV a 2, 2[XV and XXVI, which 
includes the greater part of the nephridial auricle On some 
specimens a moie or less weU-defined, median dorsal, dark brown 
stnpe extends from II to XXVI inclusive, and in others there is 
a marked tendency for the pale spots to coalesce into larger areas 
m the intermediate field of alternate segments. 

A more frequent pattern, represented by the examples collected 
by Major Hingston in the Himolayaa, combines the reticular with 
the longitudin^ly stnped pattern In these the ground varies 
from a yellow to a rich buff, often distinctly reddish, especially on 
the venter, and m aU cases continuing uniformly across the 
median dorsal field. When the linear pattern is most clearly 
defined there are seven dorsal dark stnpes, a narrow, sharply- 
defined, blown, dark- brown, or black median stnpe continuous 
for the entire length from the first pair of eyes to the anus, 
a pair of narrow, sharply defined dark brown or black supra- 
marginal stnpes continuous from about somite VI to the 
nephridial auricle, and two pairs (paramedian and intermediate) 
of broader and less definite, chain-bke or reticular, brown or 
dusky stripes which usually coalesce at the anterior end and 
break into irregular spots at the caudal end. The venter is nearly 
uniform yellow or buff and immaculate, usually more reddish or 
more dusky than tbe dorsal ground-colour, with well-defined 
dusky or black submai’ginal stnpes which become wider and 



5^74 


HlBTJDLD^. 


more intense as a senes of quadrate spots alternating with the 
segmental enlargements of the marginal stripe The latter being 
white, or nearly so, stand out very conspicuously m contiast to 
the dark supra-marginal and submai'ginal bordering stripes. They 
begin at the buccal region and end abruptly ou XXIII a 2, and 
are more or less enlarged on a 2 and 62 ot each somite by vential 
extensions to or including the snbmarginal seusillee, and m some 
cases by dorsal extensions to include the supra-margmal sensillte 
also. Oaudally they are sharply limited by a black or dark spot 
at the point where the supra-miirginnl and submarginal stripes 
unite across the luargm between them and the white auricular 
areas, which are the morphological continuation of the margmal 
fields. The buccal and marginal portions of the head and a spot 
including all but the base oF the auricle are white or nearly so, 
and the dorsum of the caudal sucker is usually white or pale, with 
a few small dark spots or none. Metamenc sensory papillie also 
white. Vential face of both suckers grey. 

The pattern vanes as follows. — The median stripe may be 
intense, or become famt almost to invisibility, without being 
mterrupted, or it may become broken segmentally into a senes of 
dashes which may shrink to meie dots, or it may be restncted in 
length by reduction at both ends. The paramedian and inter- 
mediate stripes may vary in extent or be more or less broken into 
spots at the ends, and they may be distinct, or more or less 
united, beginning lutersegmentally on 6 6 or 61 and extending 
until they form one pair of broad reticulated areas. The maigintS 
stripes may be interrupted at the caudal end between the 
enlaigements for a few segments, resultmg in the formation of 
detached white spots. 

AlimerUary Canal , — Oral chamber described above. Jaw'e 
three, placed as usual, very strongly compressed, tbm, high, with 
strongly convex margin and no papillae. Teeth strictly inono- 
stichodont, varying m number from 61 to 72, the larger number 
on the median ]aw. They are curved, conical and acute, those at 
the central end being high and slender, about three and one-half 
times as high as the basal diameter, 0-0196 x 0 0062 mm , rapidly 
diminishing until, at about the twentieth, the height and basal 
diameter are equal, and becoming continu^ly lower and smaller 
until those at the peripheral end become almost invisible and 
subside into the cuticle. 

Fhm'ynco short, compact, subcyhndncal, extending through 
VIII and part of IX, with three sets of mucous folds, dorsal and 
ventro-lateral, each set consisting of an anterior short, thick fold 
continuing the jaw-fold which fades out about the middle of the 
pharynx, and a pair of more slender flanking folds w'hich arise 
from the anterior end of the latter and, diverging slightly from it, 
continue to the caudal end of the pharynx, which is provided 
with an annular fold or valve. 

Stomach (PI. VIII, fig. 40) thin- walled, reaching from somite IX 
to X I X inclusive, and provided with eleven pairs of gastric cssca, 
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one pair m each somite The first tvo or pre-genital pairs are 
small niid crowded, the next four in ci ease in size, the sixth to the 
tenth remaining uniform. All ot these are simple and unbranched 
and scarcely lobed, but are usually bent or sloped caudad into the 
Bueceecling somite The eleventh pair arises in the caudal part of 
XIX or anterior part of XX and reaches to XXIY, being 
tubular, slightly sacculated, at least in contracted specimens, and 
lying on each side of the intestine. Between the casca the 
stomach may be slightly bulbous, but there are no definite 
secondary caeca. Intestine simple, straight. 

Reproductive Organs (PI YIII, fig. 40). — Testes ten pairs, 
situated in the usual position mtersegmen tally from XH T^TY 
to XXII/XXm inclusive, spheroidal, each with a short vas 
efferens extending laterally to the vas deferens, which forms a 
series of metameric loops and in some specimens extends a short 
distance caudad of the last testes Both vasa efferentia and vasa 
deterentia are unusually coarse, being covered with a thick 
glandular layer and much folded Yasa deferentia unchanged to 
level of ganglion XII, where they emerge from the glandular 
covering as very fine, hau-like ducts extending into XI, m which 
they pass into the enlaiged tubes of the epididymes, entering the 
latter on the ventral face. Epididymes rather massive, occupying 
the greater part of XI and XII anterior to the vaginal sac and 
concealing the ejaculatory ducts and atrium from above. They 
consist of a soft, smooth tube distorted by pressure, intricately 
and loosely folded into a long loop, which is again folded and the 
ends tucked into the mass. The whole is loosely held together 
by a connective tissue investment. The ductus ejaculatorius 
leaves the anterior end of the epididymis and consists of a small 
fusiform enlargement (l'2x5 mm.) with thick muscular walls 
and a slender duct, either the right or the left on© of which may 
pass beneath the nerve-cord to enter the mass of prostate glands. 
In the case of one distended with blood the epididymes embrace 
the enlarged vaginal sac, the right one covenng the cephalic half 
to ganglion XY, the left one the caudal half to the end ot XYI. 
Atrium very small, scarcely rising above the level of the uerve- 
cord, pynfoim, about 1’6 mm. long and about half that in 
diameter at the large or prostate end, the whole enveloped and 
concealed m a loose mass of small unicellular glands which appear 
to open partly on the body-fioor and partly into the prostate end 
of the atrium. 

Ovaries small, spheroidal or pynform sacs in line with the 
testes and immediately behind ganghon XII Oviducts slender, 
nearly straight, varying in length from a little less than the 
diameter to one and one-third times the diameter of the ovisac ; 
either the right or left passes beneath the nerve-cord. They unite 
without an enlarged albumin gland in a common oviduct which 
is of about the same diameter and two and one-half to three times 
as long as the paired oviduct, slightly widening, and which opens 
into the anterior end of the vaginal sac immediately dorsad of its 

t2 
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duct Vagina sharply differentiated into duct and sac, the former 
slender, straight, cylindrical, about 0*2 mm. m diameter and 
2-2 3 mm long, leading from the end of the sac. Sac massive, 
cylmdo-ellipsoidal, sometimes slightly constricted, when mature 
measuring 6 2x2*3 mm. to 7*3 x 3*5 mm., generally disposed 
longitiidmally, in which case it v ill reach from immediately behind 
the atrium to end of somite XYI, or sometimes transversely, in 
which case it is usually confined to XII and XIII. 

Geographical JDisirihutxon and Bwnonvvce — This species, which 
was ongmally (Moore, 1924) mistaken for E. sylveBtns, Blanchard, 
because of the presence of a partial annulus separating the third 
and fourth eyes, is less known than the subspecies of H zeylamca, 
in all forty specimens only appearing in the collections 

So far as this material indicates, it is a strictly mountain species, 
the several lots ocouiTing at widely separated points ; namely, 
Kukkal, in the Palni Hills, Madms State, at 5500-6500 feet 
elevation ; near Darjeeling, at 7000-8000 ft. ; m the coEections 
made by Major Hmgston on the 1924 Mount Eveiest Expedition 
at Phadma Chen at 7000 ft., and Qantok, 5000 and 9000 ft ; and 
at Snkli, on the east side of the Dawna Hills in Burma, at 
2100 ft. The last is a solitary specimen collected by E. H. 
Qraveley dunng the last week of November , the others, so far as 
noted on the labels, were collected in July and August. Theie is 
no specific mformation regarding the habits of this species, but 
there is no present evidence that they differ from JET. zeylamca 
moritivindicfis^ with which it is associated in the Himalayas. It is 
quite probable that some of the land-leeches met with by Hooker 
and others lu the Darjeeling Distnet were of this species, and it 
is also quite probable that it differs in habitat from the apparently 
far more abundant montivinclicis, 

RThe capacity of these leeches for imbibing blood is illustrated 
by one ot the Gantok lots, nine of which were empty and six 
gorged with blood (PI. VIII, figs. 38, 39). The six latter weigh 
18*86 grams., and an equal number of the former of the same 
size 1*2 grams. The fed leeches, therefore, are eleven and one- 
half times as heavy as the unfed. 

44. HmmadipBa sylvestris Blanchard. (Plate V, figs. 9, 10; IX. 
fig. 41.) 

Bynonymy : 

Eismadipsa sylveetrie Blanchard, 1894, pp 114, 116. (Oaiin Mta 
Burma, 1000 m ) 

EtBmadipsa tylvestriSj Blanchard, 1897 a, p, 88, pi. v, figs. 9-11 
(diagram of external organization) j Blanchni’d, 1897 6, p 886. 
(Sumatra.) 

Ecemadipsa sylvestrUf Blanchard, Brandes, 1901, p. 880. 

EcBmadipaa syhestrxa, Blanchard, 1917, pp. 661, 662, fig. 11 (annula- 
tion) (Java, Sumatra, Burma and Tonkm.) 

EcBmadipea zeylamca, Kaburaki, 1021 c, pp. 716, 716 (m part). 
Not EcBmadipea ayhestna, Moore, 192^^ pp 884, 886 
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Diagnosis . — Largest and most robust of the Indian Hesmadipsae, 
full-grown examples exceeding two inches in length. Oolonr 
plain yellow or brown of varied shades, the mid-dorsal field some- 
times paler, with three dorsal black or dark brown stripes, the 
median typically narrower, broken or even obsolete. Sucker ravs 
moat frequently 74-76, but varying between 69 and 80 5 prehensile 
papilla little developed Head tessellee largely irregular ; median 
areas constantly present ; annulus Y al more or less developed as 
areas separating the third and fourth eyes, and sometimes forming 
a complete transverse row. Furrow-pits four or five pairs on 
Ylll to XI or XII, often indicated by pale spots First pair of 
nephropores on buccal margin. 

Type-locality, Carin (Karenin) Mountains, Burma, 1000 m. 

Description. — Size large for the genua, ordinary specimens not 
fully extended, often attaining a length of 50 mm. and larger and 
more extended ones as much as 70 mm. It is possible that in life 


¥ 
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Fig 61 — Ha^nadipsa sglvestris Somites I-YI, from dorsum, showing areola- 
tion and other bead oharaoters as in preceding Bgures. Xl2 


and m the tenuous state of extension some of these leeches may 
attain a length of four inches. Compared with the ordinary 
H. zeylanica they are giants. A typical specimen of moderate size 
measures, length, 42 mm., length to male pore, 8 5 mm.; buccal 
width, 3 mm.; width at male pore, 4-9 mm.; maximum width 
(XXI), 8 5 mm. , depth at buccal nug, 2 1 mm., at male pore, 
2-8 mm., at somite XX.T, 4*3 mm. ; caudal sucker, 6*3 x 7 mm. 

Form of preserved specimens more robust and more depressed 
than other species, tending strongly to a clavate outline viith the 
greatest width at XXJ or farther caudad, tapering to a compara- 
tively slender prechtellar region. Distinctly depressed with venter 
flattened and dorsum strongly convex. 

Head (fig 61) broadly rounded, seldom distinctly triangular as 
m other species. Dorsally there is a very distinct but narrow 
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granulated luargiu, each area bearing a labial sense-organ, and the 
annuli strongly but irregularly areolated, each area -with an eye, 
sensiUa or non-segmentol sense-organ. A typical arrangement 
of the first five somites la as follows : — I, four preoculnr areas ; 
n, two pairs of marginals, one pair of large oculars bearing the 
first pair of eyes, and one small interocular wedged between 
the antenor ends of the oculars ; III, two pairs of marginals, one 
pair of large oculars bearing the second pair of eyes, and three 
interoculars, the median one triangular, with its apex separating 
the paired areas anteiiorly and its base forward against the oculars 
of n, IV, two pairs of marginals in tandem, a pair of large 
oculars beanng the third pair of eyes, and two rows ot iiiteroculars 
-of five areas each, forming a biconvex group converging on the 
oculars All of these pass into the margin of the lip laterally, 
IV contributing somewhat to the buccal ring Somite V consists 
dorsally of two complete aud a third incomplete ring, all united 
ventrally into the buccal, with its single row of tessellse. Dorsally 
fl 3 IB distinct as a typical, fully differeutiated annulus. The larger 
anterior annulus consists of a well-developed a 2 bearing the 
fourth pair of eyes on large ocular aieas, and a partially separated 
<zlf which consists of a low of small areas ou each side beginning 
a httle laterad of the oculars, passing between the third and fourth 
eyes and reaching luterocularly to the paramedians, thus leaving a 
median gap which is bndged by three large aieas in a 2. It is 
possible that middle areas of the second row attributed to IV a 3 
may have been detached from Ya 1, but this could be determined 
only by a most exhaustive study of the nerve distribution. The 
irregularities and variations m this region are numerous, but 
practically all specimens possess median aieas, and also a row 
of areas between somites lY and V, most frequently connected 
with the latter, sometimes with the former, occasionally in part 
with both Of 156 specimens examined with reference to this 
character, 131, or 84 per cent., had these areas definitely inter- 
calated between the 3rd and 4th pairs of eyes. They are 
often absent from young specimens and become more evident 
with increase id size. On the other hand, a perfectly regular 
continuous row of areas extending across the entire width of the 
head is unusual. The eyes are large and piominent, and have the 
direction and arrangement usual in the genus. 

Ventral surface of lip finely granulated, with the median furrow 
shallow or absent, but a pair of deeper lateral furrows cutting off 
the lateral buccal lobes On all of the specimens examined these 
lobes are rather thick and fleshy, and, although continued along 
the inner face of the buccal ring, do not form a membranous frill 
as in B. omata. 

Glitellum extending as usual over fifteen annuli (X 66 to XIII 
a2 inclusive), but even m mature specimens not apparent on the 
exterior as a definite zone, but only as a slight deepening of the 
colour. Internally it forms a thick, loose, glandular layer. Gono- 
pores both small openings esactly in the furrows, the male XI 
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b bjh 6, the feinale XII h bjh 6 Farrow-pits four (or five) pairs m 
the intermediate line of IX h ^ja 2 to XII h 2ja 2 (or occasionally 
on XIII), the last sometimes mcouspicuous or wanting, all much 
less conspicuous than in S', ornata. The furrows TIII/IX to 
XI/XII may be much deeper than the others. Owing to the pale 
ground-colour these depressed areas are not indicated in preserved 
specimens by white or pale spots, though these appear to be 
present on the living leeches, as shown m colour-sketches. 

Gaudal sucker moderately large, about three-fourths maximum 
width of conti acted, exceeding that of extended, specimens, 
generally broadly ovate with the longitudinal diameter exceeding 
the transverse, the anterior marginal process little developed. 
Eadiating ribs moat frequently 74 to 76, the mean of a laige 
number being 75, but varying from 69 to 81. Dorsum coarsely 
areolated, the polygonal areas m at least five rows. 

Nephridial auricles large and well-developed, tnlobate, the lobes 
on the margins of XXIV a 2, XXV and XXYI, the middle small 
and triangular, sometimes obsolete, the first and last with thin, 
membranous, inegularly subqiiadrate margins with produced 
angles. 

Ne^phropcn 68 are usually obvious, opening dorsad from short 
canals just ventrad of the line of marginal sensillse m the caudal 
bolder of & 2 of somites IX to XXIII inclusive, the seventeenth 
pair on the ventral surface of the first lobe of the auricle, the first 
on the sides between the buccal ring and buccal frill. The latter 
are rarely visible in surface views, but must be demonstrated by 
sections. 

Annuli very distinct except on the areolated region of the head, 
separated by deep furrows, the in ter segmental and the alfa2 
furrows being regularly deeper than the others. They are divided 
into the usual quadrate areas especially well-defined on caudal 
somites. On the dorsum of complete somites nine or ten of these 
are included between the two paramedian black stripes and eleven 
or twelve between each of these and the margins, making thirty- 
one to thirty-four in all. Each bears a central larger sensory 
papilla and about it a cluster of smaller sense-organs, which may 
be nearly flush with the surface or somewhat elevated. On the 
venter the aieas are smaller and less clearly defined. SensiUcB are 
arranged as in zeylanica, but differ strikingly from those of 
that species, and especially of the mountain subspecies, m their 
small size and lack of elevation upon papillae. They are therefore 
inconspicuous, and upon many specimens indistinguishable. Only 
upon a few unusually rough examples from Lower Burma are they 
as conspicuous as Blanchard indicates in the types. 

Annulatwn — Except for the characteristics of the head seg- 
ments, already fuUy described, the constitution of the somites is 
exactly the same as in H, zeylamca and as described by Whitman 
for B, japontca. 

Coloration closely resembles that figured and described by 
W’hitman for H, japonica, but differs very constantly in that the 
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median dorsal stiipe, winch is the best- developed and commonly 
the only one m the latter, is m this species narrower and more 
imperfect than the paired stripes, and frequently broken or 
obsolete As descnbed by Blanchaid and figured from life by 
A 0 Chowdhary (PI. V, figs. 9 and 10), the hviug colour is rich 
reddish* or yeUowish-biown, ohve-brown or pale olive, unifoim 
over the entire dorsum, or the median field is a paler shade of the 
same colour, or in some cases yellowish. The venter may be the 
same colour or somewhat paler, or more reddish. Dark spots aie 
entirely absent from both surfaces, but ill-defiued pale spots may 
occur m the position of the furiow-pita. The dorsum is marked 
with a median and a pair of paramedian black or dark brown 
hnes, both extending for nearly the entire length The latter 
are placed at the boundary of the paler and darker fields when 
present, and are broader and more continuous, though often 
shorter than the median line. Marginal stripes bright orange or 
yellow. 


Preserved specimens rarely exhibit the paler median dorsal 
field, but this may be due to the fading which obviously has taken 
place on most of the specimens. The ground-colour, both above 
and below, is nearly white, grey, pale yellow, buff or light brown, 
in all cases nearly or quite uniform and quite free from dark 
spotting, but with the marginal stripes faintly indicated. The 
dorsal stripes are very constant, usually as narrow lines which 
may be deep black or dark brown. The median hne is invariably 
narrower and fainter than the paired stripes, but when best 
developed is longer, beginning between the first or second pair of 
eyes, whereas the paired stripes usually begin on somite Till 
Both extend caudad to XXV or XXIT. The paired stripes are 
quite contmuous and unbroken and the median may be continuous 
but usually is best developed m the furrows and often very 
narrow or interrupted on the annuli, resulting m a senes of 
sm^ spots. The type described by Blanchard in which the 
median stripe is broken into a senes of abort metamenc dashes is 
rare Much more commonly the median stripes become reduced 
or disappear completely, resulting in a true bilineate pattern, which 
IS in sharp contrast to the condition of these stripes m H, 'lamonica. 
Nor do any of these have the small, pale yellow spots at the dorsal 
senaito which are so conspicuous ou B. japonica and most of 
the subspecies of H, zeylanica, 

Dxgeshve SyUtm.—Sma are more elongated than in H. zeijlamea 
and bear more numerous teeth, 72 to 87, the largest of which 
meosuro 0 02^0-0063 mm. Pharynx and stomach as in 
from cffioa eleven pairs, one pair in each somite 

manfitf alternating with small bulbous enlarge- 

ments of the stomach. The pre-gemtal pairs are small, the next 
tour pairs increasing in size. All are simple, unbiaiiched 

““d extends at 

the sides of the intestine to XXIV, having four lateral lobes. 
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Beproductwe organs (fig, 62) differ in no important respect 
from those of H. zeylamca. Testes 10 pairs, at XIII/XIY to 
XXTI/XXIII inclusive Epididyraes large, open, folded, TJ-shaped 
loops extending through XII and XIII, receiving the vasa 
deferentia into the anterior eod of their lateral limbs and con- 
tinuing at their anterior medial ends into the ducti ejaculatoni, 
which are slightly fusiform, transversely arched, very firm, and of 
a yellow colour and satiny sheen, opening into the prostate head 
of the atrium. Atrium very small, rising but little above the 



Fig 62. — lELmaadvpio, sylvest'n»^ Outline of anterior part of reproductive 
organs in left epididymis removed, X 12 atrium Other 

lettering as before. 


nerve-cord, the penis-sac and prostate little differentiated exter- 
nally, and the atrial cornua not sharply differentiated from the 
ducti e 3 aciilatorii, which are asymmetrical to accommodate the 
nerve-cord. The whole is partly concealed hy a loose glandular 
investiture. Ovarian sacs one pair, ellipsoidal, about twice the 
size of the small anterior testes and lying at a higher level at 
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XII/XIII. Oviducts simple, straight tubes, the one about long 
as the diameter of the ovisac, the other, which passes beneath the 
nerve-cord, about fifty per cent, longer. Common oviduct about 
twice the length of the longer and about twice its diameter, 
bent into a sigmoid curve aud opening into the anterior end of the 
vaginal sac. Vaginal sac m fully matuie worms a thm-walled, 
sausage-shaped cmcum about three or four times as long as wide 
and reaching from XII to the caudal end of XV. The vaginal 
duct arises from the sac or caecum at its anterior end ventral to 
the point of entrance of the oviduct, and passes with a sharp curve 
beneath the nerve-cord to the small female bursa. It is a hard 
muscular tube, about as long as the oviduct and twice its diameter. 

QeograipJmal Distribution and Bionomics — The type-locality of 
this species is the Karenni Mts of Lower Bunna at about 3000 teet. 
Blanchard later reported it from the monntains of Java and 
Sumatra aud from near sea-level in Tonkin. So far as the 
numerous specimens studied testify, the distribution in India con- 
forms with this vertical range and indicates that the species is 
chiefiy confined to the north-eastern provinces. !From the high- 
lands of the Chinese bolder and Darjeeling it ranges throughout 
Burma and part of Bengal south through the plains of the lower 
Ganges and Brahmaputra to the environs of Calcutta and through 
the Irrawaddy swamps to Pegu and Biangoon to LoWer Burma. 
With the exception of a single isolated specimen from Naim Tal, 
in the Western Himalayas of the United Provinces, not one has 
appeared among many hundreds of land-leeches fiom other parts 
of India and Ceylon. Clearly the stronghold of this species is in 
the hills of Assam, especially in the neighbourhood of Shillong 
and Cherripungi and in Cachar (fifty comprising one lot from the 
latter), and at elevalaons betvteeu 3000 and 4000 feet. Theie it 
attiuus its largest size and evidently is the dominant land-leech, 
aud so conspicuous as to attract the attention of all collectoia. 
The known vertical range is fiom near sea-level at Calcutta and 
Eangoou to about 5000 feet near Shillong. It is quite probable 
that this species has at times been confused with the trilmeate 
vanety of H.japonica, as, except that the latter never reaches so 
large a size, there is little to distinguish them without a critical 
study 

Concermng seasonal distribution, specimens are recorded as 
having been taken iu every month of the year, a fact which, so far 
as this species at least is concerned, effectually disposes of the 
statement sometimes made that land-leeches ^1 die upon the 
approach of winter and the dry season Prom Assam alone 
specmieus collected in every month but January and July were 
examined, but spring and autumn collections were by far the most 
numerous. But this may have been the result merely of the 
accidents of coDectmg and the omission of dates from many of the 
labels. On the other baud, the Calcutta dates, so far as recorded 
on the labels, are limited to November, December and January, 
Another fact of interest is that specimens collected during the 
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winter inontha, both in the vicinity of Calcutta and elsewhere, as 
in the Khasi Hills, are sometimes recorded as having been taken 
m a semi-toi'pid condition under bncks and stones or buried in 
soil, sometimes in stream-beds, in mud by the side of ponds or in 
moist earth. Thus, E. Q-. TJradin states that specimens taken 
November 27th at Tribene were buried a few inches below the 
surface of the soil on the bank of the Hoogly Eiver, and were 
lying in a sluggish condition when turned over. E Hodgard 
writes thus of specimens collected on December 2lBt in the neigh- 
bourhood of Tollygunge, near Calcutta. — “I found the adults 
almost entirely buried in the mud under bricks, only the upper 
surface being seen. They were also in contracted condition and 
lay quite still as though dead. The young ones, however, always 
crawled out and moved about quickly when the bncks under which 
they were hidden were removed.” 

It appears also that this species la found in the vicinity of and 
enters water voluntarily during other seasons, and, contrary to 
what Whitman, Tennent and others have stated for other species, 
that it smms well Mr. Q-. Mackiell, writiug of examples en- 
comiteied at Sylhet, Assam, on June i4th, states that '‘they swim 
actively in watei, but one finds them on damp grass as well.” 
Hooker (1848, li, p. 42) mentions leeches in incredible profusion 
in the streams and damp grass in the Teesta Eiver Valley at 
2000 ft., and (i, p. 167) “leeches swarm below 7000 ft,, a small 
black species [JET zeylamca mQntiv%nd%ci8]^ above 3000 ft. and a 
large yellow-brown one below that elevation” at Tonglo, These 
references are undoubtedly to the present species. The Indian 
Museum collection includes specimens taken along with Bvnxdvmria 
javamca and Hirudinaria mamllensis^ and therefore presumably in 
or close to water. Annandale, on the other baud, mentions 
speciineus collected at Tollygunge in moderately dry herbage. 

Besides the general statements that it attacks man and domestic 
animals, the only record of specific hosts that I find are the 
bullock and fresh- water crab {Potamom atkinsomanum), both on 
the northern hills. 

Unlike the smaller land-leeches this species rarely occurs m 
great swarms, and, although it may be plentiful, it is referred to 
several times as solitary. This is confirmed by a record of the 
collections, for, notwithatauding that the number of lots exceeds 
that of any other form, the total number of individuals amounts to 
only 177, a number exceeded by several single lots of if, zeylamca 
and its subspecies agilu. 

Several correspondents designate this the “ stinging” leech, and 
state that its bite, unlike that of the common land-leech, is very 
painful. Whether this statement is warranted or is based upon a 
confusion of this species with the true “stinging” leech {H, m-nata) 
remains to be determined. It is not improbable that both may 
possess this characteristic. 

This is the only species of land-leech which has been taken in 
actual contact with its egg-capsules. They were taken twice, on 



284 




August 20th aud September 2nd, at Katihar, Puneah District, 
North Burma, by 0. Paiva, and on both occasions under boxes in 
a garden. Once the leech was found with the “egg” beside it, 
and in the other case was actually coiled about the capsule. Three 
capsules each measure about 8 x 11 mm., and are broadly ellipsoidal 
in shape, with a densely opaque central capsule shghtly exceeding 
one-half of those measurements. This inner capsule, which con- 
tains the eggs or embryos aud the “albumin ” in which they ai-e 
embedded, is formed of a stout and contmuous envelope with a 
short tube for exit at each end This is further encased in an 
outer spongy layer composed of a single thickness of large and 
coarse polyhedral cells numbering about forty-five, and m all of 
these specimens closed externally, not open as m the capsules of 
JS. zeylamca monUvindiGis, 

45. Esmadipsa omata, new species. The Stinging Land-Leech. 

(Plate Y, fig. 11 ; IX, fig. 42). 

IhagnosiB . — Size medium ; form probably most slender and 
terete of the Indian representatives of the genus. Colour m hfe 
a brilliantly contrasting pattern of velvety black and light yellow 
or cream-coloured stripes, the black stripes a median and a pair of 
intermediate, much broader than the yellow; venter a rich ferru- 
gineous ; suckers pale blue. Annulus Y a 1 well developed 
between third and fourth eyes, but not forming a complete row of 
areas, median areas little developed. Pirst pair of nephridia 
opening on buccal nm. Purrow-pits exceptionally well developed 
at IX and X&2/a2, a less conspicuous pair on YIII, each m an 
unpigmented white or pale yellow spot. Sucker nearly circular, 
the tunctional prehensile papilla slightly developed; rays unusually 
numerous, 86-94. Dorsal sensiUsB raised prominently on rounded 
papilla. 

Type in Indian Museum collection No. 4875. Q-humti, 
Darjeeling District, about 3000 ft. (^. TT. (y Brian, collector). 

jDeacnjphon , — The S'lze is between that of M. zeylamca and 
S. sylvestr^s. The largest specimen is 42*6 mm. by 4*6 mm. The 
type, a well-extended specimen, measures, len^h, 39*6 mm.; 
length to male pore, 11*6 mm., width at buccal nug, 2*4 mm. ; at 
male pore, 2*9 mm. ; maximum width (XXIII), 4*2 mm. ; depth 
at male pore, 2*7 mm., at XX III, 3 7 mm., caudal sucker, 5*3 by 
6*7 mm. The usual length is around 30 mm. 

Form habitually more slender and elongated than other species, 
very little depressed but nearly circular in cross-section, the 
maximum diameter far back, close to the sucker at XXTTT, 

Head (fig. 63) usually somewhat widened at the buccal nng, 
bluntly triangular. When fully expanded, as when the leech is 
engaged in sucking, it forms a repand, circular disk. Yentral 
surface granulated and in the resting state with a shallow median,, 
and two pairs of furrows, laterad of which are the large lateral 
buccal lobes continued as distinct buccal frills. On the dorsum the 
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tessellsB are relatively smaller and more regular than in E, syU 
vesirts, but resemble that species in their general arrangement. 
Their typical disposition is shown m fig. 6d, whioh also shows 
well the broad unsegmented margin of the head. Eyes five pairs, 
arranged as in the other species but appearing to be somewhat 
smaller, the third and fourth pairs constantly separated by well- 
developed areas which, however, do not form a complete transverse 
row. Median areas little developed. Buccal ring formed by 



Fig 63 — Htsmadtpsa or-nata Sottntos from doreum, sliowiiiff eyes, 

seuBiUcB and on head othei seiiBe-orgaiiB, somites, annuli, oreoles and 
furrow-pits (qp) X 7i. 


somite V, the furrow a2/rt3 continuing almost to the mid-venter. 
Post-buccal ring divided, as the fuirows on somite VI may be 
traced entirely across the venter. 

Glitellum seldom discernible externally even by a distinctive 
colour, but dissection demonstrates the loose glandular layer, 
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extendlug OTer the usual fifteen uunuli (X6 6 to Xnia2 in- 
clusive). Gonopores in the furrows XI h 5Jb 6 and XII h 5/h 6, 
lU no cose appearing otherwise than as small pores in the furrows 
In no case is a penis protruded Nephropores appear justventrad 
of the marginal line on the caudal border of 6 2 ofc somites IX to 
XXTT r inclusive, as conspicuous pores directed upward, the exact 
position ot which is indicated m most cases by a small spot 
of deep broun pigment. A similar spot often occurs at the 
coriesponding point on VIII a 1, but in no case has it been 
possible to demonstrate the actual openmg of the first pair of 
nephridia either here or on the buccal margins. In two specimens 
openmgs appeared to be in the latter position, but unfortunately 
adequate material for sectioning is lacking The opening of the 
seventeenth pair is clearly on the ventral surface of the base of 
the first lobe (XXIV a 2) of the nephridial auricle. 

Auricles large, consisting of three lobes derived from the 
marginal papiUfls and integuments of a 2 of XXIV, XXV and 
XX V T. The lobes are separated by broad, nearly circular sinuses, 
and all are relatively large, with thin membranous margins, the 
first and third squaiush or even with the angles piolonged, the 
middle lobe smaller or rarely nearly as large, triangular or truncate, 
with the maigiii rounded. The whole is admirably adapted to fit 
closely to the irregular dorsal surface of the sucker. The dorsal 
surface is conspicuously white, the ventral pigmented, thus m 
agreement with the marginal and submarginal stupes. 

Caudal siicTc&t relatively large, considerably exceeding the 
maximum body diameter of extended examples; flat, discoid, 
slightly longer than wide, with the anterior angle little produced 
as a prehensile papilla. The dorsal surface is strongly and 
roughly tessellated, with the areas in five distinct transverse 
rov 7 s besides some less distinct margmal areas. The six senes 
of dorsal and two of ventral sensiilae are well-developed, but 
seldom more than three appear m any one series. The venter 
18 divided into a middle granular area and a broad marginal 
zone of radiating nbs which aie remarkable both for their 
prominence and the unusually large number, which varies from 
86 to 94, each terminating in a prominent marginal tooth. 
These ribs are really not strictly radial, as only a few of them 
would pass through the centre if produced. Both the anterior 
and posterior ones are arranged in pairs along a median longi- 
tudinal axis, and the anterior angle is formed of the first pair, 
not of a single ray. The sucker, therefore, is bilaterally sym- 
metrical. 

Furroiu-pits are typically present in IX ft 2/a 2 and X h 2la 2, 
but a smaller pair occasionally occurs on VIII. They are situated 
in the intermediate field withm the lateral black stripes, and 
because of tbeir whiteness or pale cream- colour are very con- 
spicuous. They are usually well-developed in this species and 
extend half-way across the bounding annuli. While none of the 
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mateiial examined la sufficiently well fixed to make the deter- 
mination ot their exact structure possible, oi to decide whether 
they contain a peculiar organ, several facts are quite clear. The 
unpigmented area is smooth and translucent, m contrast to the 
rough, black surrounding aiea , it is slightly depressed ; the furrow 
at tins point IS much deeper ; and the epithelium in the deeper 
part of the depression, at least, is thicker and lacks capillanea and 
moat of the mucous glands, so abundantly present in the sur- 
rounding aiea. These areas are clearly modified, but their 
minute structure and significance is unknown, Tliey have much 
of the appearance of the copulatory or fertilization areas of the 
Erpobdellidse. 

The mtegumental areas are more prominent in this than in any 
species of Indian land-leech, the papilles project prominently and 
the surface (of preserved leeches) is harsher and rougher to the 
touch. In the post-chtellar middle region the number of areas is 
about forty to forty-two, arranged about as follows • A 4, B 2 or 3, 
0 3, D and E each 0 or 1, E3, Q5 and H7 or 8 ; adding the 
twelve seiifiillin to these, the total number of areas on sensory 
annuli is about 60 to 64 Sensill® are borne on ratber large but 
low, rounded papillee which, because of their white colour con- 
trasting with the black background, are very conspicuous. They 
have the usual number and arrangement, six dorsal and six ventral, 
the marginals being absent, or occasionally present and very small. 
On the bead each area bears a single sense-organ similar in 
appearance but smaller than true sensiDse. On the body the uon- 
metamerio organs are much smaller. 

AnnuLai%on. — The typical constitution of tbe somites is as 
follows — I consists of five small preocular areas, each beming a 
labial sense-organ II mcludea a pair of large oculars bearing the 
first pan' of eyes and in contact medially, and a pan ot marginals, 
each of which may be divided transversely into two III consists 
of tbe second pair of large oculars, one or two pairs of marginals 
bearing one pair of sensilles and three interoculars, of which the 
median is very small, and tbe paired large, and bearing the para- 
median aensillffi. Variations occur, as in the figure. IV is 
constituted of the third pair of oculars, a large margmal bearing 
tbe supra-marginal sensiUa, and usually one or two smaller 
marginals, about three pairs or two pairs and a median group 
of mteroculars, forming a regular trausverse row. AdditiontJ 
small areas may occur, and in one tbe median and next pau 
laterad are divided by a famt transverse furrow with two incipient 
rows, tbe beginning of 17 a 3. 7 is bianuulate, tbe furrow 

a 2/a 3 nearly complete all round, fading out only close to tbe 
ventral mid-lme, the tessell© forming two rows clear across 
tbe venter. The first or longer annulus is regularly divided into 
two rows of areas representmg a 1 and a 2. The latter consists 
of the large oculars bearing the fourth pair of eves, usually two 
or three marginals on each side reaching the buccal mu, and three 
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or four pairs of interoculars, the pair bearing the paramedian 
sensiUffi being much the largest, a 1 is usually deficient medially 
between the paramedians, but from these laterad consists of a 
complete row extending between the third and fourth pair of 
eyes to the margins of the head. Occasionally it extends clear 
across the middle in a regular row of as many as seven mteroculais. 
YI IS tnannulate all round, al<a2<a3 on dorsum, while on 
the veuter ix\ja2 becomes shallower and al, especially, shorter, 
and bears the fifth pair of eyes and a full set of sensillm on a 2 

VII tnannulate, approximately equally so all round (a l>a 2<a 3). 

VIII quad 1 annul ate (a 1>6& 2=6 5=6 6). IX-XXTII are all 
complete and quinquannulate (6 1=62=6 6 = 6 6>a 2), except that 
on XXIII 6 5 and 6 6 are somewhat reduced. The sensory annuli 
of complete somites, although slightly shorter than the others, are 
more elevated and project slightly above the general level. 
XXIV tnannulate (6 1=6 2=«2), the fate of a 3 being 
doubtful as in other species. XXV, XXVI and XXVII each 
uniannulate. 

Colour , — ^The living colours (PL V, fig 11) of this leech are 
very striking and handsome, and Suaruta’s appellation of “ rainhow- 
stnped ” applies well to it. It is noteworthy also that they are 
retained after preservation with remarkable fidelity. The condition 
in life IB depicted in the figure after A. C. Chowdhary, and the 
following descnptiou based upon the type is in close agreement 
both with this and with other specimens. On the dorsum a broad 
velvety black solid stripe occupies the entire width of the median 
field from the foiu’tb pair of eyes to the anus (V to XXVII), 
Bordering this is a pair of cream-coloured stripes about one-third 
as wide and occupying the paramedian lines from VIII to 
XXrV a 2. Caudad of the latter they merge into the blue colour 
of the caudal region, and on VTII they broaden and similarly 
merge with the blue colour of the head. On 6 2 and a 2 of IX 
and X, and on some specimens less obviously on the same part of 
VTII, they spread laterad as pairs of ovate cream-coloured spots, 
including the intermediate sensilla and the furrow-pits anterior 
aud laterad of them. Laterad of the paramedian pale stripes is a 
pair of dark stripes wider than the median, beginning at about 
VII a 2 or a 3 as a warm smoky-brown, becoming darker, first 
along the medial border and finally for the entire width, a rich 
purplish-black, and ending abruptly on XXIV. As these stripes 
embrace the entire width of the intermediate field, about half of 
the paramedian aud about one-third of the supra-marginal, the 
cream-coloured or whitish intermediate and supra-marginal sensiHee 
appear on them as conspicuous small spots Marginal stripes are 
the narrowest of them all, pale cream-colour or nearly white, 
beginning indefinitely at about YIII, becoming sharply defined’ 
and continuing to XXLV. Venter reddish-bujff, becoming paler 
anteriorly and smoky-brown at the margins, the latter colour 
especially concentrated in spots about the submarginal sensilhe 
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and nephropores on annuli 6 2 and a 2. Cephalic end anterior to 
VUI, dorsum of caudal sucker, bases of nephridial auricles and 
the segments bearing them pale blue. Venter of both suckers and 
gonoporal regions grey. A dusky spot on the head includes the 
first two pairs of eyes. 

Other specimeus are exactly like the types, but seyeral which 
have probably faded have the black stripes replaced by purplish- 
brown or even lavender-brown with deep concentrations on 6 2 
and a 2. Specimens from Pashok are very dark with a strongly 
ferruginous tinge, especially on the venter, the intermediate black 
stripes narrower than the median, and all reaching farther forward. 
The pole intermediate spots on IX and X are present on all 
specimens. Three specimens from Sarawan somewhat cloubtfullv 
referred to this species have the paired black stripes each divided 
into two, making five in all. 

Geographical I)^str^hutlon and Bionomics, — Except for three 
somewhat doubtful examples from Bihar and one from the Hill 
Tracts in East Bengal, all of the thirty-two specimens of this 
species were collected in Darjeeling and Assam from elevations 
between 1600 feet in the Khasi Hills to 3000 feet at Ghumti, at 
I which point it 18 reputed to be common below that elevation. Most 

of the lots consist of single specimens, but two of eight and twelve 
were taken at Kamrup, Assam. In this district Mr. L. W. 
Middleton reports them as inhabiting the small hills on the edge 
of the low country along the Brahmaputra. In agreement with 
other collectors he designates them as ‘‘stmging leeches,” and 
states that “ these leeches attack man, and their bite, unlike that 
of other land -leeches, is very painful.” This pecuharity la of 
interest m connection with their showy ‘‘ warning” colours. So 
far as recorded, the dates of collection fall entirely within the 
months of May, June, July and August, and on© in October. 
That they climb trees is attested by S. W. Kemp, who refers to 
one that fell upon him from a tree in a jungle in North Assam, 

Two egg-capsules collected by 0. "W. Beebe at Joipokn, Dar- 
jeehng, may belong to this species. They measure 13x10 and 
11 X 9 mm respectively, are similar in structure and colour to 
those of E, zeylanica moniivmdicis (PL VIII, fig 37), but the outer 
layer is composed of about sixty polyhedral cells, part of which are 
open, part closed. 

A land-plananan similar in size, form, and colour-pattern occurs 
with the leeches m Darjeeling. 

40. Hesmadipaa dassmnlen Blanchard. 

Synonymy . 

Ecemadiysa dussumieri Blanchard, 1917, p. 668. 

Somites I to IV uniannulate ; V biannulate ; VI trianmiJat© ; 
VII quadrannulate (al + a2-l-66-|-6 6); VIIE quinquannulate 
(61-f-62-fa2-fb6+6 6); IX-XXTTI complete, quinquannulate ; 

TT 



290 


J3 U jJLX).2E« 


XXTY quadrannulate (6 1+& 2+a 2 + a3) ?; XXY, XXVI and 
XXVII each uniannulate. Total number o£ annuli 100. Male 
gonopore XI & 5/5 6, female XII 5 6. Length 36 mm., width 
5 mm. 

Type in Pans Museum, No. 196, collected by Dussumier. 
Locality unknown, but supposed by Blanchard to be southern 
Hindustan, inasmuch as the collection of the Paris Museum 
includes other leeches collected by Dussumier m 1830 from the 
Malabar and Coromandel coasts. 

No Hosmacl'i^sa exhibiting such constitution of somites VII, 
VIII and XXIV has been seen by me. 
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AEHYNCH OBDELL^. 


Seveijil small collections received after the completion of the 
manuscript make possible some important additions to localities 
and other data, as well as some corrections relating to the following 
species . — 

Herpohdelloidea indica (Kaburaki). 

Dr. H. O'. Kribs has sent several specimens taken from pools 
at the junction of the Jumna and Q-anges Rivers near Allahabad 
at on elevation of five hundred and thirty feet. Dried egg-cocoons 
attached to stones are similar to those of Erpohd^a and measure 
7 X 2*5 to 3 mm. 

Iffyxohdella annandalei, Oka. 

Additional synonymy : 

P Bcsuftopis concolo) Kaburaki, 1921 c, pp 718, 714, fig 7 (annu- 
lation). (Bjiaauh, W. Himalayas ) 

There is little doubt ot the correctness of this determination as 
the types agree m every determined feature of external morphology, 
anatomy and colour. 

Dinobdella notata, Moore. 

The collection of the Madras Museum mcludes three specimens 
kindly forwarded for studj’ by Mr. P. H Gravely. AU were 
taken m the Nilgins Hills at altitudes between 6600 and 8000 
feet, one at Ootanamund and two at Keti, May 20-30, 1921. 
They are fully matui-e and much better preserved than the types, 
with which they agree both inteinoUy and externally except m 
the following important respect. The jaws are much better 
preserved and larger, and the teeth, which are totally absent 
in the types, probably having been lost through maceration, are 
well pieserved and perfectly obvious on all thiee of these. They 
have the form, size aud arrangement characteristic ot Hvnido and 
related genera and number Erom 57 to 63. This observation 
again throws doubt upon the generic position of this species, and 
draws it closer to Hirudo hirmanxca^ 
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Himda birmanica (Blanchard). 

Dr. H. G-. Kribs reports this species as common m pools along 
the banks of the Jumna Eiver near Allahabad, Other collections 
received from the Indian Museum, the Madras Museum and the 
British Museum represent additional locohties, mostly m Madras 
and Ceylon, especial interest attaching to the following * Kilakaria, 
on the south-east coast of Madras in the latitude of north Ceylon, 
and IJdayagira, in the northern Eastern Grhats, at 3000 feet. This 
species is an almost universal inhabitant of village tanks and is 
common in nee fields. 

JBEirudinaria mamllensis (Lesson). 

Additional specimens received from the Indian Museum include 
some from the Dara Ismail Kahn District, and prove that this 
species penetrates at least 600 miles up the valley of the Indus 
Kiver to a point in close pvoiimity to the highlands, though 
itself approximately on the 600 foot contour line. In the tar 
south, on the contrary, its range extends into the hills, not only 
m the interior of Ceylon, as already stated, but also in the 
Mysore District of central Madras, from which there are examples 
m the British Museum, 

Hirudinana granuloBa (Savigny). 

Eurther collections submitted by the Director of the Indian 
Museum confirm the discovery of the abundance of this species on 
the west coast m Malabar District and Cochin State, where it 
appears to be far more plentiful than the lowland H, mamllmsia. 
It 18 abundant also throughout the North-West Erontier Provinces. 

That the reported entrance of this species and the last into the 
nose passages of inammalB is not entirely a matter of mistaken 
identity, ns the wnter has been inclined to believe, is proved by 
an example contributed by Dr. H G. Knbs, which was taken 
from the nasal chamber of a dog at Laudour, United Provinces 

Haemadipsa Bylvestris (Blanchard). 

A typical small example reported to have been taken in Madras 
(exact locality unknown) is included in the collection of the 
British Museum. 

Hsemadipsa zeylanica (Savigny) 

A study oE sections of the several subspecies makes it possible 
to correct the statement of Whitman and others that the first 
pair of nephridia differ from those of other species of the genus 
and agree with the condition typical of aquatic leeches in opening 
on somite VIII. Asa matter of tact, they are earned forward to 
the lateral rim of the oral sucker as usual in the genus, and as 
first demonstrated by Bolsms (1896). 
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H. zeylanlca agilis, Moore. ^ 

Additional localities are Landour, United Provinces, 7600 feet» 
July, H. G-. Kribs; Palm Hills, Madras, 4600 feet, June, F. 
Gravely ; and Dlilim Forest, S. Malabar, 1600-4000 feet, E. Barnes. 

H. zeylanica montivindiois, Moore. 

Specimens in the Madras Museum taken m June atXulimpong, 
Darjeeling, have the positions of the nephropores, beginning with 
the second pair on IX, very conspicuously indicated by intensely 
dark pigment spots, as Mready described for H, ornata. 
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AAuandale, acknowledge* 
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121 
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101, 296 
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duction to, 97, diag- 
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characteristics, 97 , 
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100, nephropores, 101, 
complete somite, 101, 
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graphioal distribution, 
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tions, 113 , relations to 
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Appendix to, 296 
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131 

cUomai la {Herpobdellcc 
dctoculaia vai ), 131 
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Aynenua, the Oanon of, 

XXIV 


Barbronia, 135 
Bdella^ 19 ^ 

hioculata (^Clepsine), 68 
bimiamta \H(Bmopi^^ 
17b 

birmanioa {H(Bmovif>\ 
192 

birmanioa (Hinido), 192, 
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Bleeding by means of 
leeches , vii, ix et seq , 
236. 237 

boy^iiom {Htrudo), 219 
Bianchelhon, 93 
Breul, Dr , xxvi 
Bngbtwell, xxx 
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caeca (Piscioola), 52 
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57 
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Cook, J M , xviii 
Crocodile, xvii, xvm, 14. 
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Dinobdella, 175 
dussumieri (Hiema- 
dipsa), 289 
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^brar(^, iiix 
elegans {^CUpBine), 57 
elegmis (Glossiphonia), 

67 

lElepliaiits, xzi 
em-vdee (Placobdella), 

74 

Epidiiurus, siTi. 

Erb Ya, the, v 
Erpobdellu, laO 
Erpobdella^ 57 
Erpobdellidffi, 126 , Key 
to genera aud sul^ 
genera, 1J*J 
EviiTanckellat 36 


ferox (Dinobdella), 175 
fexos-iWliiimanic^^ 176 

fimbriata (^Clepsvie 
{Ghssiphoma))^ xviii 
Foraminobdella, 149 
fulvii (Placobdella), 78 
fubcohneata mppoiiica 
{,Hinido\ 192 


Gulen, De Hirudiiiibus, 
xxii 

Galilee, leeches m, xv 
Gaster, Dr , xvii 
Geobddla^ 1.51 
Giles, Prof H A , VI 
Glosaiphoma, 57 
Glossipbonids, 57, 93 
Olosiobdella, 57 
Glomypora, 67 
Glossoaiphoiiia, 67. 
Gnaihoodella^ 97. 
Chiafhohddlea^ 1.54 
Gnathobdelhdce^ 164 
gracilis (Placobdella), 

93 

gramlia {Limnohdelld)^ 
201 

granulosa (Hirudmaria 
{PcscilobdcUa)), 226, 
297 

granulosa {Ilirudo\ 226 
granulosa iLmnatvs)^ 

226 

m a7i ulosa {Ltm7iati8)t 

218 

granulosa {Li7n7iait3 
(Pcecilobdella)), 226 
gratuilohd {Limnaii^ 
{Poealobdella))^ xxix, 
218 

Green, Mr, F W , v 
giilo {Auloaiomwii) 190 


Heemadipsa, 253. 
Etsmadipsidm^ 244 
HcetnadipsiTiae, 244. 
Emnopis^ 199 
“ Hairy *’ leeches, 229 
Hebrews, use of leeches 
by, XVI 1 

Helluo^ Oken, 130 
Helobdella, 68 
Hemiclepsis, 83 
heptumeriita (Fora- 
ininubdellu), 140 
Herodotus, xvii 
HerpobdcUa^ 130 
ScrpobdellidCB^ 126 
Herpubdelloidea, 140 
betel oclita {Clep8me\ 60. 
betero( lita ((^lossi- 
pbonia), 60 
beteroolita {GIq 830~ 
Biphonm)^ 60 
betel oclita {Rirvdd), 60 
hexocidata^ {HcrpobddXa)^ 
136 

Hippocrates, xxit 
Hirudidie, 164. 
Hiruflinsa, 158, Key to 
Indian Genera aud 
Siibgenei-a, 159-160 
Eirudi7n}7<s, 158 
Hiriidinai la, 207 
Hiiiidinea, Segmentation 
(metflinensm aud an- 
nul ati on) of, 1 , diag- 
nosis, 36 
Eirudvnda^ 164. 
Sirudimdcs^ 164 
Hinido, 189 

Horse-leech, xiv, xvii, xi, 
xxii, 200. 

1iyah7ia {Hmido)^ 60 


latrohddla^ 189. 
IclithyobdellidsB, 36, 93. 
ilqitii (= leech.), vi 
iiidica {Albioiic), 45 
indic»i(Hei*pubdelloidea), 
144, .:96 

tndica (Einido), 46 
mdica {Ee77iatobdeUa\ 
144 

tndica (Pontobdella), 46. 
Indo- Aryan Kesearob, 

Encylopedia of, vii 
inleana (Placobdella), 76 


jantseanuB (Ozobran- 
cbiis), 36. 


lavanica (Hirudmaria), 

210 

javanica {LimnatTs)^ 210. 
Javan ica {Limnatis 

{^Pacilobdella)), 210 
javanica {Sanguisugai)^ 
210 

Johnson, J E , xxvni, 

XXIX 


Itsvis {Einido), 169 
IflBVis (Whit mania), 169 
Lap - wing, Egyptian 
Spur - wing (Hoplo- 
pterus armatiis), xviii. 
lateroculata (Herpob- 
delloulea), 141 
Lebanon, leeches in, xr 
Leeches in Anglo-Saxon 
lit-erature, xxvii , in 
Assyrian, vi , in Obin- 
ese, T, in Egyptian, v, 
in French, xxvii , m 
Geimian, xxvi , m 
Greek, ivu , in Latin, 
XVII , m Pall, XIV , m 
Sanatiit, vii , m com- 
merce, bve classes of, 
xxrv j artificial ponds 
lor, xxviii , cnltuml 
nietJiods, 236-238 
Leptoaiomat 168 
Lnuimlis, 199 
hneata {EerpohdeUa), 
131 

Lophobdella, 36 
loricata (Pontobdella), 
39 

Lun Hfinff, the, v. 
lu2m%(B (Zfirado), 218 


macrotliela (Pontobdella 
(subgen Pontob- 
aelliiia)), 46 
niOGidaia {Hii udo), 218 
iTiaoulosa {Htrudo^ 218 
maculosa (Limnatis), 

218 

Mahabhai*ata, leech first 
mentioned m the, viii 
inaniUeuais (Hirudin- 
ana), 218, 297 
manillensis {Etrtido)^ 
218 

manillensia (JAmvatis 
{Paectlobdella)), 219 
Marcellus, xvii 
margmata( Glossiphoma)^ 
83 
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marginata rHemiolepBiB), 
83 

marginata (HemiclepsiB 
marginata subsp ), o3 
maiginata 83 

Moaterman, Mr , zr 
medioiualia (Hirudo), 

\XVlll, XXIX, XXX 

Measahnus, zix 
mey&n {Protoclepsi8\ 82 
Microstoma, 168, 
montana (Hfamadipaa), 
269 

montiviudiciB (Hroma- 
dipsa zeylanioa Bubsp ), 
267, 298. 

multtsinaia {Sti'udo), 
218 

Myxubdalla, 161 


Naianiui, 158 
lionatobdella, 140 
Nepfiii juko, Tin 
NepkeMa, 126 
Nephdtdes, 126 
Nicholson, Prof R. A., 

Til 

mgnacens {Aulostonnm), 
190 

nilotioa (Bddla), 200 
nilotica (Limnatifl), xiv, 

XT, 200 

mlotioa i^alcBohdella), 

200 

nipponia (Hirudo), ixix 
nooiva (HBlobdella), 70 
notata (Diuobdella), 186, 
296 


ocbooiilata (Erpobdella), 
130 

octo(rul(it<i, HerpohddUit 
131. 

ootooulata {Kirtido\ ISO 
offioitialis (Lioatoma), 

X31X 

olivacea (Pisoioola), 48. 
ornata (Hmmadipaa), 
284 

Ozobranchufl, 36 


PalcBohdella, 199. 
pallida 67 

paludum {E.CBmypm\ 

201 

paludum (Limnatia), 

201 , 


^p^/u2f;(j9(OzobrnaoliUB), 

36 

papillosa {Hit'udo), 60 
ParaclepsiB, 88 
paraBitioa (Plaoobdella), 
93 

Peek, A L , Kxvi 
Pei Bians, use of leeches 
by the, vi 

PJiaryvgohdcUa, 126 
pi^ra (Whitinania), 169 
pigi'UTTL {Leptostoiyia), 169 
ptgruni {MicrostoTna), 
169 

Piscioola, 48. 

Plaoobdella, 72 
Pliny, XIX 

PloTei (PluvianuB fflgyp- 
tiousl, XV lU 
Pontobdella, 39 
Pontobdellina, 44 
Po wu olnh, the, v 
proedatrix (Paraolepsia), 
88 

Prior, Prof , xxvn 
Proiocl&psvne, 81 
Protoolepsis, 81 
Proreiba, Book of, xiv, 

XV 11 

Pseiidobranchelhon, 36 
Pterobdella, 54 


quadriooulata (Tro- 
ohota), 161 

quatreJagesi (Lophob- 
clella), xvui 


Rapson, Piof , vii 
Repantia, 244 
reticulata (Q-lossi- 
phonia), 66 

Rhynchobdellae, Intro- 
duction to, 13 , diag- 
nosis, 13, 35 , families 
of, 13, suckers, 13 , 
body- Form, 14 , hosts, 
14 , external oliarac- 
ters, 16 , ooeloin, 17 , 
Tascular system, 21 , 
alimentary tract, 23 , 
generative oigans, 24, 
spermatophore, 25 ; 
copulatory area, 26 , 
conductive tissue, 26 , 
eggs and cocoons, 
28 , nephridia, 29 , 
methods of preserva- 
tion, 30, bibliography, 
94 


rouxi, Barbroina, 136 


Saiifa, 140 

Sandpiper (trochilok) ot 
Heiodotus, xvii 
sangmsorha (^Htrtido), 
218 

JSanguistiga, 189 
sangumtaa (Hamopu), 
200 . 

Sanskrit names for leech 
raktapA jalauka, jala- 
sarpinl, jaluk& SindF 
jam, etc , vii, vni 
ScaptobdeUa, 161 
sexoQulcUa {Clcpsins), 57« 
stxocfidata ( Gloss i- 
phonia), 67 

sexoculata i^rotocUp- 
sine), 82 

sexoculata (Theromyzon),, 
82 

ahiplsyi (Ozobronohus), 
36 

Sornatius, xx. 
stagnalis ( Glosso” 
avphonicb), 68 
stf^iialis (llelobdella), 

stagnalis (JErudo), 68 
sitbmridis, Murie ( ZVo- 
chota), 175. 

Suahruta Samhita, viiv 
IX, xiii note, XXIV, 116, 
236, 237 

sylveatna (Hoemadipsa), 
276, 297 


Talmud, xiv, xm. 
Themison, leeches Jdrst 
used by, xxiv 
Theromyzon, 81 
Thompson, R Oampbell, 
TL 

Trachelobdella, 93 
triooulata {Hiriido), 60 
Trocheta, 161 
Troohetia, 151 
troctma (Hirudo), xxix 
tuheroulata (Glossi- 
phonia), 67 

tii/rkeatamoa (Limnatis), 

200, 201 

Turner, Prof R L , vu, 
Tin 


undulata (Plaoobdella), 
78 
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Tindis (Hirudinana 
(PoBCilobdelk)), 239 
Tulnifera (Paraclepsis), 
91. 

Wang Ohung, v 
veben (Baibronia), 136 
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weben {Dina), 136 
weberi (Q-lossiphoma), 
62 

Whitmania, 168 
Wh%tmama ap , 186 
Winckworth, Mr 0 P 
T , VI 


zeylanioa (Heomadipaa), 
266, 297 

zeylan i oa {Hintdo), 
266 

zejlauica ^angumiga). 
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Hirudinha. 


Plate IV. 
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(For detailed Explanation, see p xxxiv.) 
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Plate VI 
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